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SEVENTH ANNUAL 


Report of the State Geologist. 


' Iowa GEOLOGICAL SURVEY, 4 
Des MOINES, December 31, 1898. 

To Governor Leslie M. Shaw and Members of the Geological 
Board: ; 
GENTLEMEN—As during preceding years, so during the past 

- year, the work of the Survey has been mainly along the line 

of detailed mapping and the preparation of county reports. 

_ In all, six parties were in the field. The work in Dubuque 

- county was under my immediate charge, the economic studies 


Soe being carried on by Mr. Bain, assisted by Mr. W. H. Guilford. 
; _ Mr. Bain also conducted the survey of Carroll county. Prof. 


W. H. Norton, after finishing the survey of Scott county, 
moved into Cedar and devoted the remainder of the field sea- 
son to that area. Prof. T. H. Macbride undertook the work 
in Humboldt county, and carried it vigorously forward to an 
early completion. In Muscatine county we were fortunate in 
securing the services of Prof. J. A. Udden, of Agustana Col- 
lege, at Rock Island, Ill. Professor Udden had had experi- 
ence in geological work in connection with the United States 
Survey and the Illinois Board of World’s Fair Commis- 
sioners. His residence at Rock Island had led him to study 
the surrounding region, and he was accordingly exception- 
ally well qualified to take up the work in Muscatine. 
After a field conference with Professor Norton, in Scott 
il 
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county, he moved south and devoted his attention to the area. 


assigned to him. His work here has been very thorough, and 
has led to the discovery of many new and interesting things. 


Dr. S. W. Beyer devoted the field season to studies in Story 


and Hardin counties, and since the close of the season has 
been occupied in the Survey oftice at Des Moines. ‘The sur- 
vey of Story county has occupied his attention in the intervals 
of his work at the college at Ames, since the organization of 


this department. Since, however, Story is a prairie county 


with few outcrops, so that the most interesting problems of 
the region are those connected with the drift, it was thought 
better to defer the publication of a report upon it until the sur- 


rounding region had been studied. Accordingly, Boone, Polk — 


and Marshall counties have been reported on, and the map- 
ping of Hardin county is now complete. The report upon 


Story county, herewith submitted, fills an important gap in — 


our scheme of mapping, and at the same time is of consider- 
able intrinsic interest. Dr. Beyer’s discovery of large bodies 
of loess below the drift of the region lends confirmation to 
some of the éarlier results of the Survey, and at the same 


time may prove of considerable economic interest in affording — 


a suitable brick clay in a region where such clay has not been 
previously known, 


In Hardin county Dr. Beyer began the work with a field. 
_conference with Mr. Bain. He also had for a time the assist-_ 


ance of Mr. I. C. Hecker, as iocal assistant. The results of 
his work here are fully detailed in his report as appended. 


The reports on Carroll, Humboldt, Story, Scott, and Mus- : 
catine counties are now well in hand, the maps are in the’ 
hands of the engraver and the illustrations are being pre- 


pared. The reports on Cedar and Hardin counties are being 
pushed and can probably be submitted within a few weeks. 
The Dubuque report will hardly be ready until after another 
field season, as the region is one of considerable interest and 
some difficulty, and it is expected that the report will be of 
more than usual detail. 
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The eastern part of the county lies in the driftless area, 
and the bold erosional topography developed in preglacial 


_ time has not been modified by the action of glaciers or the 


distribution of drift. On this account the mapping of the 
geological formations requires an amount of detailed field 
work greatly in excess of that necessary in the drift covered 
counties of the state. Furthermore, the economic problems 
are of unusual importance. 

The field work of the past year has been carried forward 
along the same general lines as those heretofore followed. 
Scott county, mainly surveyed in 1897, was completed; and in 
addition, Cedar, Muscatine, Hardin, Story, Carroll, Dubuque 
and Humboldt counties, in all an area of 3,774 square miles, 

were mapped. In Cedar, Hardin and Dubuque counties certain 
_ details are yet unfinished, and the work is now being prose- 
cuted so far as the weather permits. The mapping is, how- 
ever, substantially complete. At the close of the present 
season the Survey has accordingly finished the mapping in 
thirty-three counties. These are indicated upon the accom- 
panying map and are listed below. The total area surveyed 
up to date is 18,936 square miles, and includes much of the 
more difficult portion of the state. ‘ 
COUNTIES SURVEYED AND MAPPED. 


Area sq. miles. Area sq. miles, 
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The work of mapping the Pleistocene formations has been 
continued, and numerous minor corrections have been made 
on the preliminary map compiled by Mr. Bain: for the last 
report. The study of these surface deposits has its chief 
economic interest in the fact that they are the basis of the 
soil which has made Iowa famous among the agricultural 

states. The Survey has planned from the first a systematic 
study of the soils as one of the most important phases of its 
work. The mapping of the surface formations is a necessary 
preliminary. The latter having, however, progressed so satis- 
factorily, application was made in 1897 to the United States 
Department of Agriculture for aid in the study of the soils | 
themselves. The Department found itself unable at this time 
to take up the lowa work, but we were fortunate in enlisting ~ 
the co-operation of the experiment station of the Lowa State » 
College, and the work is now well under: way. 

A complete series of both mechanical and chemical analyses 
of the various soil types of the state is planned, and a thor- 
ough study of both the scientific and agricultural problems is 
to be made. ‘The field work will be done by the regular Sur- 
vey. assistants, and the laboratory work will be done at the 
experiment station under the direction of Dr. J. B. Weems. 
The object of the work is to make a thorough study of the 
physical and chemical properties of the most important and 
typical soils in Iowa, adapted to the different staple crops, 
such as grass, wheat, corn, ete. Important features of the 
work will be a careful study of the texture of the soils, or the 
amount of sand, silt and clay, and the relation of the soils to 
moisture and heat. The soils selected for sampling for these 
investigations are to be typical, and each will represent fairly © 
well a considerable area of land. They are expected to rep- 
resent either the very best type of land for the staple crop or 
crops of the locality or the very poorest lands for these same 
crops. Both of these extremes are desired for contrast. For 
example, if the staple crop of the locality is wheat or corn the 
assistant is to select the best adapted to this staple crop and | 
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another soil if possible, in the same locality, representing a 
considerable area of land upon which this staple crop cannot 
successfully be grown on account of the small yield of inferior 
quality, or the time of ripening of the crop. It is desired to 
have the samples taken from fields which are now, or have 
recently been, under actual cultivation, in the crop or crops 
best adapted to it, so that the real agricultural value of the 
land can be accurately known. 

The samples are taken inside the field, some distance away 
from houses, fences, roads, or trees. In’ fields planted to 
corn or similar large crops, the samples should be taken 
about midway in the open spaces. ‘hey should be taken 
where they will represent fairly well the average soil of the 
field and of the large area of land which they are to repre- 
sent. They should not be taken where the soil has been 
washed, nor where the soil has accumulated to an unusual 

- depth. In collecting the samples the assistants are instructed 
to remove all grass, leaves, or litter, from the surface, and 
then dig a, hole like a post hole, twenty-four inches deep, 
scrape the sides clean and notice the depth at which the 
change of color occurs between the soil and the sub-soil. 
“Take a sample of the soil from above this, by cutting off a 
slice of soil three or four inches thick, down to the change in 
color, and mix this thoroughly together. Fill a cloth sack 
‘with this well-mixed soil, tie it securely, and fill out the 
label on the back of the tag. Then clean out the hole again, 
and scrape the sides so as to get rid of every particle of the 
soil, and take a sample of the sub-soil in like manner by cut- 
ting down a slice of the sub-soil and thoroughly mixing it 
together so that the samples shall contain particles of the 
sub-soil from immediately below the soil, to a depth of at 
least twenty-four inches. Put this sample of sub-soil into a 
separate sack, tie it securely, and fill out the label on the 
back of the shipping tag. If there is no apparent difference 
between the soil and the sub-soil, take a sample of: soil, 
nevertheless, to a depth of six inches from the surface, and a 
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sample of the sub-soil from below this to a depth of twenty- 
four inches, and put them into separate sacks as above. Fill 
out the form on the back of the shipping tag with the number 
of the sack, the name, locality, kind of soil, ete. Give as 
full information as possible as to what staple crop or crops 
are best adapted to this land and the reason why the staple 
crops, adapted to the locality, such as grass, wheat, corn, 
fruit, truck and the different types of tobacco cannot be suc- 
cessfully grown, so that we can compare the general agricul- 


tural value of the land with other samples. Give the geo. 


logical formations, to which the soil belongs, if possible.” 
Samples have been collected, as directed above, in Dubuque, 


Carroll, Cedar, Scott, Muscatine, Story, Hardin and Hum- . 


boldt counties, and are now in the hands of the chemist. It 
is hoped that the results of some at least of these analyses 
may be in in time to publish in Pome with the papers 
accompanying this report. 

Since the resignation of Prof. G. K. Patrick as chemist to 
the Survey we have had no regular chemist, and our investi- 
gations along that line have been somewhat limited. The 
work of the present year has, however, necessitated the mak- 
ing of numerous analyses and tests, and I have the pleasure 
of announcing that Dr. J. B. Weems, of the experiment station 
at Ames, has been employed to do this work. : 

The collection of statistics of production in the state was 
taken up last year, and the first tables were published in vol- 
ume VIII. In order to have them ready for publication in 
that volume it was necessary to estimate the production in a 
few cases where unusual delay was met. These estimates 
were checked in every possible way, and the returns coming 
in later show that they were substantially correct, except 
that the total value of the clay output should have been 
Slightly larger. In the collection of these statistics the Sur- 


vey had the heartiest co-operation from the producers, and 


the letters of commendation received since indicate that the 
work met a real want, The total value of the mineral pro- 


REPORT OF THE STATE GEOLOGIST. 17 


duction of the state in 1897 was about $7,500,000, and impor- 
tant and encouraging advances along several lines were 
reported. 

The statistics reported last year were obtained by personal 
letters or visits to each: producer. This entailed a large 
amount of extra work, since the number of individual pro- 
ducers is large, and the operations are usually small. It also 
put upon each producer the burden of filling out a separate 
blank for this office, in addition to the one sent to the United 
States Geological Survey, and, in the case of the coal opera- 
tors, to the mine inspectors. To avoid this duplication of 
work, and to insure as accurate results as possible, arrange- 
ments have been made whereby the work this year will be 
carried on in co-operation with the United States Geological 
Survey. In consultation with Messrs. E. W. Parker and 
Jefferson Middleton of that organization, who visited Des 
Moines for that purpose, terms mutually advantageous to 
both Surveys have been arranged, and the expense of the 
work will hereafter be divided. Itis believed that this will 
meet with your hearty approval. The returns for the year 
1898 are expected to be in hand in time to permit them to be 
appended to this report. 

The law governing the Survey gives the director authority 
to investigate natural history subjects other than those 
directly relating to geology. So far it has not seemed possi- 
ble to take up this work farther than the preparation of 
forestry notes on the various counties surveyed. For some 
time, however, Professor Pammel, of Ames, has had in prepa- 
ration for the Survey a complete monograph on the grasses of 
Towa, and it is a pleasure to be able to report the probable 
early completion of this valuable paper. At present it is 
being held awaiting the completion of a series of chemical 
analyses by Dr. J. B. Weems, which will add greatly to the | 
value of the report, in the light which they will shed on the 
forage value of the various plants, Grasses, because of their 
intimate relation to the great stock raising and dairy inter- 
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ests of the state, are one of Iowa’s most valuable products, 
and it has been thought better, for the sake of the greater 
value of the report, to allow this delay. 

- Other natural history monographs of economic value are 
promised or in contemplation, and will add greatly to the use- 
fulness of the work which this organization is doing for the 
state. It is recommended that Professor Pammel’s report be _ 
issued as a separate publication of the Survey. 

Within the year volume VIII of the reports of the eee 
was printed and distributed. Its table of contents will be 
found in the list below. As usual there has been a strong 
demand for the report ‘and the edition is being rapidly 


’ exhausted. The original law governing the distribution of 


the reports of the Survey contemplated the sale of the bulk of 
the edition at a price sufficient to cover the cost of the print- 
ing and binding, and the proceeds of such sales have been from 
time to time coronal into the state treasury. In the work of 
code revision the law was changed a little, so that the num-— 
ber which may be gratuitously distributed has been consider- 
ably increased. The volumes are now sent out upon the 
request of members of the general assembly, and at present 
copies of volumes VI to VIII, inclusive, may be obtained in > 
this manner. A certain number of copies of each volume are 
reserved and are distributed only by sale, thus making it pos- 
sible for any one, by the payment of a nominal sum, to com- 
plete his set.. Some of the separate papers are now out of 
print and cloth bound copies of the earlier volumes cannot 
now be supplied. A price list of the punnees on hand is 
appended. 

The edition now published by the Survey consists of 3,000 
copies. <A portion of this edition, 2,000 copies of recent vol- 
umes, is bound in cloth, 500 are bound in paper, and the 
remaining 500 are cut up and bound in paper as separate 
pamphlets. Three hundred copies of each county report are 
placed at the disposal of the senator and representatives from 
the county, serving in the general assembly at the time the 
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report is issued. The remaining copies are distributed by 
the Survey upon request. A very large number. of these 
pamphlets have found their way into the schools and are 
being used as text-books. There is probably no place where 
they will be more useful, and so far as the supply at the dis- 
posal of the Survey permits we are glad to honor requests for 
them for such use. 
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The museum and library of the Survey have continued to 
grow and several valuable periodicals have been added to our 
exchange list. Among the more important are the following: 
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An important donation of fossils was received from McKees- d 
port Scientific and Philosophical Society, representing the e 
common fossils of the Pennsylvania coal measures. ee 3 

In the office there has been the usual heavy correspondence 
relating to exchanges, distribution of reports, inquiries, etc. 
The copying and revising of manuscript, proof reading and 
the preparation of advance notes for the newspapers and the a. 
articles for the scientific and technical press, calling atten- a 
tion to lowa’s resources have also absorbed much time. This 
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office work has been carried on as in previous years except 
that we have had the aid of Dr. Beyer during the winter 
months. gh 
My personal work has involved the constant supervision of 
the operations of the Survey. The large amount of office 
- work incident to the position, the revision of all manuscripts, 
the study of the fossil forms collected by all the parties in the 
field, together with the field work and study of structural 
a problems which engaged my attention during the working 
season. The greater part of the field season was spent in 
Dubuque county. This is one of the most important counties, 
geologically speaking, in the state. A proper solution of all 
re the problems presented by Dubuque county demands much 
: more time and labor than will be necessary in many of the 
other counties of Iowa. In the driftless portion of the county, 
2 every square mile must be examined in detail. The borders 
of two of Iowa’s drift sheets pass through Dubuque county; 
the county has long been noted as the seat of the lead and 
' gine industry of the state; and the building stones and lime- 
burning rocks ‘are of Bepecial importance. The work in this 
; >. county was divided, Mr. Bain taking up the study of the 
~economic problems, while my investigations were devoted to 
the geological structure—including both indurated rocks and 
superficial deposits—and to the detailed mapping of the sev- 
eral geological formations. Besides the time spent in 
Dubuque county, some time was spent with the several geolo- 
gists having direct charge of the work in each of the follow- 
ing counties, namely, Scott, Cedar, Muscatine and Humboldt. 
de oe Mr. Roy Mosnat, of Belle Plaine, as volunteer assistant, 
c has made a detailed study of the Belle Plaine Artesian Basin, 
has mapped the several wells, and has collected data of very 
ereat interest respecting the ‘quality and volume of water 
supplied by this important hydrographic area. 
Dr. Charles R. Eastman, of Harvard, is prosecuting studies 
“on the interesting, and in some cases unique, collections of 
fossil fishes supplied by the geological formations of Iowa. 
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Nice Were United States Geoliuneal Survey Bide its sonoue : 
| graphic work in Iowa, completing the sheet west of thats 
which | was: surveyed last year. This work ‘is pots especial _ 
“importance to the Towa Survey, inasmuch as it will greatly — 
reduce the expense of correct geological mapping in the 
_ Driftless Area. This area includes, ‘sO far as relates to Towa, 
all or part of the counties of Jackson, Dubuque, Clayton, 
” Fayette, ‘Allamakee and Winneshiek. Of these important — 
- counties, ‘Allamakee and Dubuque. are the. ‘only ones so far 
studied. os have the honor to remain, ne ta 
Your obedient servant, peu eenny ES ve 
‘SAMUEL CALVIN, iar a 


i 
Tse: J 


REPORT OF ASSISTANT STATE GEOLOGIST. 


IowA GEOLOGICAL SURVEY, | 
Drs Moines, December 30, 1898. { 

My Dear Sir—I have the honor to submit the following 
report upon my work for the past year. The earlier months 
of the year were, as usual, taken up with office duties, includ- 
ing the supervision of the printing of volume VIII of the Sur- 
vey reports. This required more or less attention throughout 
the first six months of the year. In April, when the weather 
became suitable, out-of-doors field work was taken up and 
was continued, so far as office duties would allow, until 
December 18th. .My personal field work for the year was 
mainly in Carroll and Dubuque counties. Excursions were 
made in Hardin county, in company with Dr. Beyer; in John- 
son and Tama counties, in your company, and in Pottawatta- 
mie and numerous other counties alone. In September a trip 
was made through the northwestern portion of the state, in 
company with Prof. J. E. Todd, state geologist of South 
Dakota, and Mr. Frank Leverett, of the United States Geo- 
logical Survey. Carroll, Sac, Ida, Crawford, Woodbury, Plym- 
outh, Sioux and Lyon counties, and adjacent portions of 
Minnesota and South Dakota were visited, attention being 
especially directed to a study of the drift formations. The 
discovery of fossiliferous clays of Buchanan age, at Sioux 
Falls, was one of the gratifying results of the trip. More 
extended studies of the interloessial till at Sioux City devel- 
oped the fact that the beds found below the till are fine water- 
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laid silts, and are probably different from the loess proper. 
Mr. Leverett traced the morainic hills of the Wisconsin drift 
into the northeast corner of Lyon county, and it seems prob- 
able that other changes in the mapping of the drift sheets of 
that region will be necessary. 

In Carroll county one of the interesting results of the sea- 
son’s work has been the demonstration that much of the 
extra-morainie drift, heretofore believed to be young and 
provisionally correlated with the Iowan, belongs to an anom- 
alous phase of the Kansan. What may be the correct age of 
the extra-morainic drift north and west of Carroll county 
can not yet be stated. A full report on the geology of Car- 
roll county has been prepared, and is submitted herewith. 

In Dubuque county my attention has been devoted mainly 
to a study of the economic features of the district. The 
excellent building and limestones of the region were studied, 
and the specimens collected for analyses are now in the hands 
of the chemist. The clays of Dubuque county have not here- 
tofore received the attention which they deserve, and it is 
hoped that their development may be stimulated. A series 
of tests was carried on to determine the temperatures at 
which the brick now made were being burned. The major 
attention was necessarily devoted to a study of the lead and 
zine mines, and a large scale map is now being prepared, 
showing the location of the various crevices and openings. 
In this work the Survey has had the aid of Mr. W. H. Guil- 
ford, whose long acquaintance with the region as a surveyor 
makes his assistance particularly valuable. The various 
miners and mine owners have also done all in their power to 
aid in the work. 

While it is too soon to present conclusions, it may be stated 
that the outlook for the field seems very good. The area is 
limited and the operations are small, but several of the mines 
are yielding nicely, and there is a large amount of ore in 
sight. There are also considerable tracts of country wholly 
unexplored. It is believed that the future production of the 
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region, particularly in zine, will be large, and that the general 
impression that the region is worked out is wrong. Some 
facts which are believed to have an important bearing upon 
the genesis of the ores have been observed. 

In June, a favorable opportunity occurring, a few days 
were spent in Joplin, Mo., studing the zine mines of that 
region, and in December a similar visit was made to the lead 
region of southeastern Missouri to study the desseminated ores 
of that region. Points in Wisconsin have also been visited. 
The larger and often older mines of these regions show many 
facts which cannot be so readily observed at Dubuque, and 
many suggestions as to ore treatment were also obtained. A~ 
full report upon the subject is now being prepared. What 
the Dubuque mines need most at present is more buyers and a 
larger share in the rise in the price of zine ores which has 
been so marked a feature of the year’s markets. The prices 
paid for ore in the Dubuque region have not been such as 
would stimulate development. The result has been small, 
poorly developed mines and an uncertain supply of ore which 
has discouraged buyers and still further depressed the price. 
In the main the isolated position of the mines and the poor 
milling of the ores have been the reason of the low price. 
Recent developments have shown that considerable bodies of 
ore are present, and with proper organization of the industry 
the mines should receive considerable attention. 

The usual routine work of the office has been carried on 
throughout the year. Specimens sent in from various parts 
of the state have been examined, investors have been advised, 
the preparation of manuscript, maps and illustrations has 
been supervised, ete. With the assistance of Doctor Beyer a 
dark room has been prepared, and hereafter the photographic 
work will not need to be sent out. 

Respectfully yours, 
iE EBAIN: 
To PRoF,. SAMUEL CALVIN, Assistant State Geologist. 
State Geologist. 
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IowA GEOLOGICAL SURVEY, ! 
Des Mornes, December 30, 1898. 

Str—I have the honor to submit to you the following report 
of work done by me during the year ending December 31st. 

It was my good fortune to represent the Survey at the 
International congress which convened at St. Petersburg late 
in August, 1897. After traveling several thousand miles in 
Russia, and visiting many of the classic localities in that 
country, I spent some time at Freiberg, Munchen and Berlin, 
and returned to the United States late in February of the 
present year. 

During March, April and May, I put in as much time as I 
could spare from my college duties in pushing forward my 
field work in Story county, and made two, more extended trips. 
The first, in company with Mr. Bain, to investigate the 
‘‘Marble Beds” reported to have been discovered between lowa 
Falls and Alden, on the Iowa river. The second was made in 
company with yourself, Mr. Frank Leverett of the United 
States Geological Survey, Professors Chamberlain and Salis- 
bury of the University of Chicago, and Messrs. Udden and 
Bain of this Survey; the object being to study the drift of 
Tllinoian ice sheet as exhibited in the vicinity of Peoria in 
Illinois, and, if possible, to get some light in dealing with the 
multiplicity of ice sheets in Iowa. 

The greater part of June and July was spent in the field in 
Hardin and the counties immediately adjoining. It was found 
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that the Wisconsin drift extends much further east than was 
formerly supposed. Eldora hill marks the extreme advance 
in this direction and the North Fork of the Iowa river was 
born at the time the ice invaded this region. The marble 
quarries previously mentioned were examined more in detail 
and the results are somewhat disappointing. It was hoped 
that a further development of the quarries would show 
thicker ledges. But this is not the case. It is obvious that 
the power that caused the shattering of the beds was also the 
potent influence in effecting their marmorosis. The one 
varies directly as the other. While the marble takes an excel- 
lent polish and possesses a pleasing color and texture, the 
thinness and interrupted character of the beds precludes a 
more than local importance for them. 

The ‘‘Honestone”’ and ‘‘ Whetstone”’ quarries were also 
investigated and found of little significance save in showing 
detached basins of the coal measures. 

Short field trips were made from August to November, 
inclusive, and the field work in Story county completed. 
Important deposits of loess were recognized in the west- 
central portion of the county. They afford an abundance of 
first-class material for pressed brick. 

At the end of the field season, about December Ist, my 
headquarters were transferred to Des Moines, where my time 
has been employed in writing up Story county and relieving 
Mr. Bain of a portion of the routine work of the office. 

Very respectfully yours, 
SAMUEL W. BEYER. 
To Pror.. SAMUEL CALVIN, 
State Geologist. 


MINERAL PRODUCTION OF IOWA 


IN 1898. 


BY SAMUEL W. BEYER, 


VALUE OF MINERAL PRODUCTION. 
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BY S. W. BEYER. 


The kindly reception accorded the mineral statistics of 
Towa for 1897 lead the Iowa Geological Survey to undertake 
their collection for 1898. It was the extreme good fortune of 
this department to secure the co-operation of the division of 
mineral statistics of the United States Geological Survey. 
All blanks, with return envelopes, were sent from Washington, 
and duplicates of all returns were forwarded promptly to the 
local office, thus saving the State a large amount of routine 
work, and the operators the annoyance of a confusing multi- 
plicity of requests from two offices. The state organization 
assumed the responsibility of looking up the delinquents. 

The very prompt and hearty co-operation shown by the 
producers deserves, and has, the fullest thanks of the Survey. 
They have, with almost no important exceptions, responded 
promptly and willingly. Many have asked for copies of the 
report when completed, thus expressing their appreciation of 
the work. Not a single important coal operator has failed to 
report, and it is believed that the coal output is correct 
within 3 per cent. The same is essentially true for clay and 
stone. One estimate is included with the totals for clay, 
but this plant was visited by the writer and the figures sub- 
mitted are believed to be reliable. 

The figures for the production of gypsum could not be 
obtained. The output for 1896 was $34,020. The steady 
improvement of trade conditions and great increase in build- 
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ing during the past two years has, probably more than doubled 


the output. 


The increased produetion of lead and zinc, stimulated by 
the recent advance in the prices of those metals, is most 


gratifying. 


Total Production. 


EKighty-nine counties and nearly seven hundred producers 
were engaged in developing the mineral resources of the 


state in 1898. 


The value of the total mineral production in 1898 was 


$7,787,579; distributed as follows: 


VALUE. 

COB ears thn te eet eve or PO Ee $ 5,123,187 
CIA V Hater ase ae oat OR ER en 2,057,022 
SUOMGiss server et Stetets octuet elite Menara 563,586 
Mea danghzines vs 25. seamen eta 43,784 
ANG iH Sei ene er ere Reina ohn $ 7,787,579 


According to the United States Geological Survey the out- 


put of the above products for 1897 were: 


NO. OF PRO- 
DUCERS. 
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COMM riacceeeia tec ktsra Sats cake sc uctn rh ty ine SRR Oe roe $ 5,219,503 
C1 a Viraireseereesi eile sis Ne aso RC Oia eae 1,821,247 
Stonewerrceistacne we whee seer e Gites revariars are eee 495,343 
ueadanadzinche os tasters aa eee 5,866 

POG create earn aticth oreca eect mas eee ee $ 7,541,959 


The production is shown by counties in Table I. 


*Iowa Geological Survey. 
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TABLE I. 
Total Value of Mineral Production by Counties. 
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AN GLIKeTeahicee freephone OOOR TG Ino Ono ae OO | eretiois eee Q55359|serraeer 105,158 
IKE RI ce nancobs Doe Oe oopUDO OO sGodd 21,910' 265,886! 3,263!...... 291,059 


*Single producers of certain articles. 
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TABLE I—CONTINUED. 
g 
: o 9 
> = q © 
COUNTIES. 8 8 $ 8 
3 S 3 S 3 
~ ~ oS n Y 
° ° io) nas } 
A H A a A 
KOSS IRB ree ess as canes screens eines Grete seg troll tegeise st alaaat | aes ere acral ears aie | reese eae 
SONS eerie chs Atraace Meet ae cir es tare 20 A2Ole eee 28,724|. 49,149 
TGs INN be Yay aes 5 ciete kesh eerie. cr otenerstevote Oke eke ei a Re LSI 560) eee 20,919 
TB OMUGE niet, yomoiesccinine 4a Roos ote a cvavstons , 100 deer UKM Boome an 8,726 
JEU GES Et re OR See ARS OCI 2,000 IVA OO hese ec apn Ga’ 14,000 
INEACHTSO NS one crests ter ersy'cis Bre noe ean oes Shel Uleae wea mee = Ld OTe ees oe 15,497 
Miateastar tin, Seale he Aunt 56,580} 1,304,727 BOB eee. 1,361,810 
INE Soltero keener Sop oorne Bee cee LG 275)" TS;32915 62,488. ee. 132,085 
INGA S Wat icgeteis castors viet leeches BLN SUE eee wares By BOBS oo Ge 82,748 
INTL a aerated ve ares crter seoaeela ate austaderelese toe oc 8,785}. Hersam tke es 8 785 
eee SS oeaMice hareharondld erste eavet enc: Hate] Moceesraas orale seat tere Sel ey Saleoe 3,268 
LOM ON has terreds cesses ne rues eons Moise cecum ey OLE ect ov eles Bay aetesagt ratte lelepeodeh Sal aie ane 
INI OTE ODI e tar vers crore aiels a erent a oGiied Neots 1,476] 594,980 WSO Bes o gee 596,586 
INikoyahiexoy ake A morine mimetic cute ocmacen Dili BO Tain veces S80 neers 29,227 
MINIS GALLI OR era aite chaise level ole a ciscattheacan ars ASN US eae Mix ois a Seok, Sete 25,811 
Pacem Ae cise ana enonc ee Dis DOH eld GES) eae tant 35,553 
EBT yar © UDI Yara reage ke vss Deco etze atike te oa a ooo ol le ba cen eed rebel (one wg eu deey ee soall OVE Nye eee [tay ee ee eine 
POCHRONLAB an Sys. suites ans eat stats Gita joey o| Swat oh Na harete lia, StaNeN axe tot Sk kee roel are ee 
HPOWE Rrenicens cal Seincnoebispeciete eates vintents BAT 2OH|| wed Ole Od Ole ke cane leteeryee 1,185,197 
Pottawabtamicinewesncs owe concen ails Bota i Ul ec acarh etree |e eh Niel See cs 52,837 
PO Wes biel musucccicckee ie cota aestae. OSOLO leutome keke eis teucesent halve cts 9,915 
he Oe Lotrivtnent chetardieiate Ba eritia dosed SoPe LG] Berroa pe acl AU Sied ices imate see 8,350 
iO de SORE et SCRORIO a Ce nak Phot crane Sete | oP onceriatee | ania hal |rtael Soren cre 
Oe es aoe Rae he cot ehge en toe AB ABC) nde ts SLplsi- ee 14,587 
SIME ay snonlene cate to cetess lhcene, sooner hee el sere otal eter ea esetewe| anv Sete nee tee | Ie mien fs gr |e 
SLO UU clerics Nes rena ei heh esane neat tees 1,80 HOCINel | ote odes Otel See teats 1,800 
aoe Pi papacy scale Srasigsaraae sie ta deci ere TTS DO AL 25 [ere cece 28,899 
ETO ester HR Re IARC Ciena eecre eho tee 1,19 Reepeey es BO holes antics 41,545 
AR ay LOW Cran ttre ce lorcet otete c arose sates 10,600 DZFASD Sree aversion 08 23,085 
(Owil OnFAer, hase Lerouhciew ie ackacise bien 35 O00 Fama aekarere| ener an lerarn ee 8,050 
Wie Ur Gitte searacte corer er tearrn werent 8.800 CHOON Bese nie sae 27,951 
WA CULO} eM patystac terncnni he oyna tecierarermprva tiers 55,221) 258,561} 16,150)....... 329,932 
IWViateRe Nereis aie washes. 5 @ Re oats 1,225 O10 Renee |eexerernie 12,295 
Wii ho Te GON 2.5 ds,qjccesrsrdtary crease cee PAN PAR Ceol Oats, yer 28,077 
Wie ees eh) cane athe ae ie DOSIiy an GGiaSe tmetia nt 76,138 
AVGTO)S| fos otter Pahoa, cog fem cra Seas 78,158). 180,750) 3,487)...... 262,395 
WE ManGba po Bens gases DOTA eae der sta eel ene go 2,874 
WReohICle- ct Mts. ¢ chcle de ce BAGO nen eae 630). 0. 5. 5,730 
Wreedbunwns .s Makati de leascnt 123 B00 eect eke ee 128,200 
WRG Ae fos ts aa S,G1EL ve fork eaen alte Cal in 8,618 
Single producers............ ...... OT-OB TW cata cee a oe oes 97,981 
oo DT,IOL} wee sees feee see e efor eee ; 
Burnt clay ballast and unspecified..| 221,712)..........|.s.....-he. sees 221,712 
ED ODA G tgs adh soa core arbre Silas woes $2,057,022 $5,123,187'$563,586 $43, 784'$7,787,579 


*Single producers of certain articles. 


COAL. 


The output of coal for 1898 shows a slight falling off as 
compared with the production for 1897, both in tonnage and 
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in eash value. The open winter of 1897 and 1898, greatly 
affected the local demand and the opening of new fields in the 
southwest deprived Iowa of a portion of her railway clientage 
in that quarter. While the average price per ton ruled 
slightly higher, the total shrinkage in production was almost 
a hundred thousand tons. Of the great coal producing counties, 
Appanoose, Jasper, Keokuk, Mahaska, Marion and Webster, 
show a decrease, while Boone, Monroe, Polk and Wapello 
show a handsome increase. Of the total output 11 per cent 
was sold locally or consumed at the mine while 89 per cent 
was loaded on the cars and shipped to various points in and 
out of the state, chiefly to the west and south of the produc- 
ing areas. Table II gives the total tonnage, average value, 
total value, number of mines producing, average number of days 


worked and number of men employed, arranged by counties. 
TABLE II. 
Coal Output by Counties. 


Q : | 

a qa } o o 

5 : ee) & 

COUNTIES. 2 Q os} & 

4 a0 gq 

® bo é ® S Sipe 

Bal : a [sal 3 

= BH Ay > < a 
EACGIAMINS seaceratater sve eater ovens eevee aaa ale ste amt 9,822 |$ 1.84 |$ 18,108 | 169 83 
(RAD ATLO OSE Ne traictdiesfeoves el oisna sethoeey epanede’ 41 608, 165 1.19 726,932 | 175 | 2,008 
SOOM OF eye ate satis ieee evel or eneiaheteceatisrs L 331,543 1.43 473,342 | 209 | 1,110 
alilssweerecs tetas rs) oom a cie reece 3 8,859 | 1.46 13,052 | 224 36 
DA CG pretties aire is inte a oleae oes Il 391 | 1.25 490 | 130 3 
Grechomeee hte a aha 5 12,920 | 1.65 21,318 | 194 54 
GG RLOS a pete satiete Sree ace canna aceiecoys 2 1,510 | 2.00 3,020 | 120 7 
JE BIOS Poo oat SrtA CNC RD oa e DAO 6 151,816 | 1.45 219,481 | 238 267 

HIGIINSLI(0Ni ion Coo Sn DODO Bocaire 2 1,025 | 1:35 1.386 | 120 
Keo kn Keer. oe “eto ee ie cea 7 251,145 | 1.06 265,886 | 186 558 
EBVO Ri ene PA Sh ele Oe ca 1 6,600 | 182 12,000 | 200 22 
IVESINGUS ICES mrpataaseisteces cence ers icie iiuevciaes. «eve 17 | 1,292,787 | 1.01 | 1,304,727 | 229 | 2,239 
atime ate ea Nol ece sore oageas os 3 TAs eNO 20s ee Osc 113,520) 01 |) 487 
inh Fay es) ep ret ES eae a 7] 584,578 | 1.02] 594,980 | 224 | 1,040 
ISRO nctQ. conto Coro ne On SetOo oor 2 6,370 | 2.25 14,333 | 200 23 
TELOVIIS. » Cpevcectet tr okche ROOT STOT a ORI ey Ee 15 635,606 | 1.22 787,940 | 219 | 1,340 
SCOT Vater eer acta se sere ectro ce ih 7,885 | 1.46 11,554 | 180 

DELON eo SG BOE Od OOD UOTE Gt 2 6,655 | 1.91 12,485 | 198 27 
Van Burenes.s Wrenner degen is 2 6,605 ; 1.45 9,610 | 258 14 
Wa DCL Ginette re te eccrstns ce temeietsi cis. oss 10 252,484 | 1.02 258,561 | 212 478 
\WGIAREINS, Gola alo Big nominees PD DONG ROI 5 7,514 | 1.47 11,070 | 78 48 
\WWRENIOL, ood Sodan oocdad SocuEeconD 7 51,550 133 68,633 | 164 253 
VVESSHO DD atoer eibisteseluloisbersversclarsrestels 13 IST, (Sie le dol 180,750 | 212 379 
MING areas bia Cope ee 188 | 4,500,810 |$ 1.14 [$5,123,187 | 218 110,514 
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In the above table no attempt was made to keep separately 
the various sizes of coal put upon the market. Nut and slack 
are included and would tend to make the price per ton lower 
than for lump coal alone. This would not. affect the 
results for the Centerville district, for the very persistent 
parting which is everywhere present in the principal vein 
worked, is mined with the coal, passes through the screen 
and renders the slack unmarketable. 

Table III compares the output for 1898 with the most reli- 
able figures for the preceding six years: 


.17 | 4,628,022 |-Uni ed States Geological Survey. 
.13 | 5,219,503 | United States Geological Survey. 
.14 | 5,123,187 | lowa Survey. 


TABLE III. 
= =— 
YEAKS. SHORT | 3 VALUE. AUTHORITY. 
TONS. ne 

I Rot) )n ae ee AGIOS 3,918,491 [$1.32 | $5,175,060 | United States Geological Survey. 
| SOS Terai weeccoecaetco| 3,972,229 | 1.30 | 5,110,460 | United States Geological Survey. 
SOE Por rse career ae 3,967,253 | 1.26 | 4,999,939 | United States Geological Survey. 
USOSgectererrnecsis oir | 4,156,074 | 1.20 | 4,982,102 | United States Geological Survey. 

j i 

1 

1 


18072. wl 461.865 


The number of men employed in the mines of Iowa for 1898 
shows a falling off of nearly 200, while the average number 
of days worked was greater than for any year since 1892. 
The number of men employed and the average number of days 
worked during the past six years, according to the best in- 
formation available, was as follows: 


ee 2 
5, Be d 
So oo 
YEAR. go ay 
eS 
SS 
is) aq 
ba 30 
; < Z 
1898 2s oeiessc Was de eee ed a ats ee ae 904 | 8.863 
1804 ee nT. Crear ie ee 170 | 9,995 
VB05 seen nest venenes vusescusstorses cand eaqutitauatinkes as pete 189 | 10,066 
1896 sesa.chivel: ados entire d seek ene tone cite ee ee 178 | 9.672 
LBM coe insnesttentasth Oise ysis ui cat Welge ger Og ee teee 201 | 10.703 
ee et tk ee ee 218 | 10,514 
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According to the United States Geological Survey Iowa, in 
1897, ranked sixth in bituminous coal tonnage, and fifth 
according to the market value of the product, and first in 
both tonnage and value of the states west of the Mississippi. 
The production of the ten leading states was as follows: 


STATE TONS. VALUE. 
ils TE AE WICK Cg Sacoumaene do CoO Ree a DCaBOCr Io ooae 54,597,891 | $37,636 347 
Cy MUG NOIS ccs «orss)6 + Frc Maiayetee Nac acbl ene Sys ORO Ne eiabe neve Sela ates 20, 072,758 14,472,529 
DaheelVVCSUR VEU DIN Gites ar cathyeie ators eerie eislareameees <vaveebelclene ores 14'246.159 8,987,393 
Ace ONO Mee htincctamre els ele, Sinaia arama ier eicLerasiane ees oe 12,196,942 9,535,409 
LS ANF oY 1 0s he A nei ad ct Re Sr Career or oe mae arr 5,893, 770 5 192,085 
OSU O Wh cers tw tendecvatavave nystove alactie otsolava/n sinigiel estan ie cofafe aie .e Totes 4,611,865 5,219,503 
far IME RGAE aXe RARay aCe Saban Breanne OCI eect BOO me eC rt 4,442,128 3,363 996 
ook LANNE Ne acitnc ttcin BR Oee ROD ere oe en cn air oe emOn ONO os 4,151,169 3,472,348 
Or CON GUC HEY s sree sicr erie ei sye ie oie oteret era lame sie eto-sia esos! ss abet 3,602,097 2,828,326 
ROS a COLOLAG Ocecrte snc nike reine ciate ee tyeeme nies iomenls als = 361,703 3,947,186 
Clay. 


The value of the clay products marketed during 1898, 
exceeded that of 1897 by nearly a quarter of a million dollars, 
and was the greatest since 1894. There was a sharp falling 
off in the output and sale of paving brick and draintile, but a 
marked increase in common brick. The greatest gain, how- 
ever, was in the production of a burnt clay, which has gained 
great favor in the southern half of the state asa ballast. 
More than $200,000 worth of burnt clay, alone, was sold during 
the past year. 

In 1896, nearly 35 per cent of the firms te were idle, 
in 1897 slightly more than 20 per cent, while in 1898 the per- 
centage of firms not in operation was still less. 

Of the great clay producing centers, Polk ae see alone 
shows a falling off, and that scarcely more than 3 per cent. 
The chief gain comes, however, from the large number of 
small firms which have been revived or brought into existence 
by the betterment of general trade conditions, especially in 
the building trade. 

Fancy work and pottery show a slight decrease and it seems 


improbable that Iowa will ever become a dangerous competitor 
~4G Rep 
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of the eastern Mississippi valley states in that line, unless 
new deposits of clay are discovered or new methods of work- 


ing introduced. 


The returns Show 349 plants in active operation, a gain of 
19 over 1897, and give the total value of brick produced at 
$1,415,165, and of all clay products, 52,057,022, showing a gain 


of $83,405 and $238,138, respectively. 
distributed as follows: 


These amounts were 


2 ae 
hike eee 5 
o 

Spee lie 

H By > 
@OmmIO WA DLUC Kies wuss. cesteloronhs Sota cle eerste oe 181,331 | $5 90 | $ 1, 069,947 
Press as OilOkoeaacete inchs casos tis hie oarade ee shee eres 6,722 | 814 54,752 
VB TIVE Moral Glee ns,ccak atanahey nese clhonateta camera hence eM rer eaiohe hoes 35,857 | 8 24 290,463 
LEN AVON Al OL NLC! dade eee AeR Acre ER binhe fern ae oc.aicse oan dia Stages Glu hag Ore 9u8 
I hiGqcig) oy hel qh era tary aA iectare thea NARS ST Cael | Henao eat | ochre? Chase po ceases 5,525 
TDP a LINGUS ee racarcteart tose atas ots ersaeral oxegetetelen al oharere oneter tebe lotobae “Tate cke ere: | le yeurlaneNags?o|(egek Pal te 343,265 
SLE Nef sting O00] OO ME Ren PIR Aimer ain aE eA Gos toe Eada ORR mull tara e a hal Par hoe 33,000 
MOLVA COURT she gastos ae Crecehs Siscere,« atta e aay overs (al dist cates tote onalllaie are chefs etal] Wee 'eNe tee 350 
Mire PnOohhe Vwiectoten & aewcorcnseaia Waalel werk aie epeteratenm crore ote eve folgtnn hlleaciontael ots 2,161 
EV GOES ELIS, ELC Miers cron corel eetarnant eee alles cue haa erateserelell aime Mente aa heaeetis eae 429 
Be uarrit Clays ek 2c ee te tiasltcatre ate cneiaktite esas specmidic Bare eens leanne 203,639 
PO GLG IY es wo ale erticeverenacei be aevalaveted ete ureiehe mrehésova, vio ein ota oneal ea matade teal Marans hee 34,425 
Hollow ebrick ete wishes ahha casero e choreuheeta a debe s acrceetenall Aeneletere eel varanete aes 18,073 

A Ro Ry tear f uaet cr AERA ce mrur anlar kui ae ine CMI alate 8 2,057,022 


According tothe United States Geological Survey, the totals 


for 1895 to 1897, were as follows: 


1895 

Common brickrg sn. viin Ganecerene tin eran mire ae ee $1,095,074 
IP resSGQsOT iC Kit. ac edie cere ae cramer ioe aeeehoees 87,130 
MitRIeOG brick: S79 ice ctttacu somes see eee 243,928 
Hancy and ornamental brick. ..c.66+ ses-ece ese 2,300 
HERO WORICAs. trons sce a a bee ctelea be arate Sonia e eee 5,920 
Darn tile cen isis cscs sce erche a tae sortase sseiste ate tee 290,5 5 
DEWOM Pl POnss 4 sha disef ee Neem eae Mites mane 5d, 31 
Orname ntaluverkaicottamases seen ceeie aes 2,800 
Hine prootita Ore st cccrewaivercreist css is ome ete reer ete ene 400 
AL aie" 1O by are Un By oo. yah ere tek aloes | tea pee ee he ree 16,094 
IROBECIV Ee: FRsnersistelaiccale lade teasers sores aw ET ee: 25,600 
Wnclassitie decree oe its kee ieee eee 45,400 

UNO Gal lira.2. 18s toate AN enact SNe ee ae $1,870,292 


Works in active operation reporting: 


1896. 


$1,003,624 
47,386 
112,985 


eee e eter ese 


173,000 
$1,694,402 


1897. 


$ 850,834 
57,230 


$1,821,247 


1896, 339; 1897,. 330. 
The production by counties is given in Table IV. Counties 
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in which but one plant is reported as active in 1898, are men- 
tioned in their proper order, but their production is not given 


separately. 


COUNTY. 


AUGTUOO ML van vhrereiste eiiene cers 
IBEDCOM Reta eed aneee 


Ce ec 


Canoe os. Src aneae 


Se a er ar a) 


Clarke 


ee 


i ed 


eee eee we eens 


eVandiiniiae seat scale eee 


o-e ee Cee eee er reoee 


EG aiuernstvstola een waterstersy sa 


DASDCV icteric aie oretelsl se 


Pe 


é THOUSANDS. 
= Z 
fe = qd . ae 
Oar OM tS) 
ATS Lae ie 
5o Be i) 
Z S) A 
cea 370 370 
3 | 1,200] 1,200 
3| 1,650| 27 
Recent A aA tee bes 
6 DI Si55 1,655 
3 | 2/432 | 23432 
Bye meaner op 
2 325 325 
9) 300 300 
S De 
3 | 1,700 | 1,700 
3| 1,400] 1,400 
2 487 487 
ab Ars remo cee ea ciate 
2 | 1,800'|' "1,800 
o Rp (esteem SL ne ae ae 
gfe} rere eer teen eine Ree 
4 1,400 1,400 
4 3,795 3,795 
4| 1:00! 1,900 
9 1,912 2,086 
Slee accede oa ea (ener aon 
3 | 1,000 | 1,085 
3 800 875 
6 900 2.485 
*7| 7,045] 7,045 
pL te etree acrean 
ABI cee erect cliente eietorats 
72 254 254 
5 | 1,870} 1,870 
Le Wace oe ate | vee taare 
3 625 625 
6 | 2,740] 3,240 
2| 5,200] 5,200 
3 280 280 
6 | 1,830 | 1,830 
5 825 825 
2 750 1,055 
A ly al ences inieicl nice Aeneas 
oli [es a te 
6| 3,700 | 3,700 
2, 575 DTS 
71 3,500] 3,500 
2 580 580 


TABLE IV. 


Clay Production by Counties. 


$ 2,220 


eee a) 


ey 


dala) eve els \sirerats 


er? 


ee ay 


21,200 
3,450 
19,850 
4,740 


ee ee 2 


VALUE. 
Ad ; 
° a 
I 3 
Q (3) 
a 3 
° ro 
a H 
@.. °2,220.1.8. | 22)920 
6,200 6,700 
15,725 15,725 
10,430 14,040 
14,992 16,142 
15 600 26,620 
1,596 1,596 
1,988 1,988 
2,200 6,800 
405 5,933 
11.800 11,800 
9,100 9,100 
3,310 6,210 
10,400 10,560 
7,550 8,391 
16,740 20,790 
12,500 12,500 
13,189 28,703 
6,400 6,700 
4,975 6,175 
18,612 26,912 
35,110 35,110 
1,522 1,656 
10,075 10,075 
3,750 5,550 
20,538 56,039 
31,200 59,800 
1,800 16,875 
10,785 11,285 
4,775 17,575 
6,775 7,575 
21,200 38,600 
3,450 4,950 
19,850 22,700 
4,740 11,832 
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fo) THOUSANDS. VALUE. 
= ad a4 
re coe = eS = i 
COU ie fa sy a: u * & As 
25) 163 |e yileges ieee aes 
i= = 
BT| gS i) gs S 6 
Z 6) aa) iS) A A 
FORNSOD er hen ee seta: 5 2,180 2,190 |}$ 10,900; 10,980|% 16,880 
JONESP Cen he oe eae ee 4 605 680 3,847 4,447 9,799 
ICO Rin eee eg oreo ee ete 8 1,955 1,955 12,230 12,230 21,910 
TCOSStLU DE yaaa acheter D Leal PA ene Pee Se ie) ban he gts ON Ol SR Col AI Mi hes Sea 
1 2X2) ARB OE OF oe, 6 3,310 3,410 19,525 20,425 20,425 
1 Wiha als co mecorpeeetererieecee SOE vy 5,029 5,069 27,287 27,607 32,359 
TOUISAY mare ne hoot tote 38 825 825 5,100 5,100 7,100 
TEMCAS. Selamat 2 340 340 2,000 2,000 2,000 
Rikdisonl . xdee Sones 3 625 625 3,80 3,850 3,850 
Wiathas ka,c sanyo es nnierciet 5 2,070 6,070 13,230 51,230 56,580 
IVER TTONE eetontcer cin cere olnyc 2 940 950 6,050 6,125 16,275 
Marshall ay sacra! che ler 6 2,535 3,535 16,145 23,645 31,355 
ING SE ee be ak en talk 6 1,32 1,324 8,785 8,785 8,785 
IMOnOnaree tere acne: TY | PER aa ieee O05 een RR ae Sve a Re ean ne 
Monroeiag: cate cee =3 286 286 1,476 1,476 1,476 
Montgomery........... 3 3,694 3,719 20,571 20,759 27,397 
Muscatine ....:......0. 10 | 3,089 | 3,089 16,211 16,211 25,811 
PAG Ma aie oe 5 3,370 3,370 20,720 20,720 21,220 
Pocahontasimusssciccte AR cece eager B a Scape Ney Meee ue caesar ses [Peer eee atc, eal oe er a 
(eA AU oueamenoneebe Hel Siege: stare tell esata ss cesta tek tooetete ctesioll Aza. cakes etait tae 
OL Pa iret s tes Nie te ys 20 24,087 21,621 147,116 288,857 347,257 
Pottawattamie......... 9 7,890 8,390 48,837 52,837 52,837 
Poweshiek ............ 3 820 820 5,240 5,240 9,915 
Ringgold Ee Soo ete 8 1,050} 1,250 7,150 8,350 8,350 
DC reecwarethereteusterevaisveretesorete " Meal aine, jo; lexwile’ v'@{(olitons tea|lalsmi¥otene Teh hitstye anal aarwite tontehen ax an eel’ come ween Cae metas 
SCOUbR he een 7 3,610 5,893 21,270 39,996 43,456 
Shelbyea Sie cose DEW sits te eattietes totaal etanedet ts ctl sata ermal caeanay ae eaten | ote aay ae Na 
UK Oyb b:eeg ROM hs pings me 2 270 270 1,800 1,800 1,800 
SULOLEN facestiratn MG ke Chere Gees 5 1,090 1,140 7,920 8,320 16,220 
UMN auhnd Bice teen isis keen teks 8 4,417 5,343 25,037 32,995 41,195 
MaVlOV sap ache ee care 5 1,590 1,590 10,600 10,600 10,600 
Winton ee peace oe 2 1,180 1,'80 7,360 7,360 8,050 
Wane Buren. :t arch ces 4 900 900 5,400 5,400 8,200 
Wiapello%, meses. ccm 4 4,499 7,675 28,764 55,221 58,221 
Warne nti rere tc nserver Vo dnaeitanc OU omaca tied 300 1,225 
Washington........... GA 2N28 |e o 798 15,254 15,254 21,672 
Way Dei mnie oases 3 1,181 1,181 7,505 7,505 7,505 
Webster’, enon cn 8 7,583 8,454 40,534 00,095 78,158 
Winnebacorsnccne. «ss 2 410 412 2,700 2,724 2,874 
Winneshiek ........... 2 850 850 5,100 5,100 5,100 
WiOOGDULYineec coat oar 7 21,976 22,783 121,709 128,181 128,200 
WV asl ite, oureraeea totes <.crete es 3 280 280 1,855 1,855 8,618 
Single producers....... 16 6,883 7,412 42,417 46,180 97,981 
Burnt clay ballast. .... SE olo Soran caller anemic ra Aets Ob u ec 203,639 
Estimates. No. 2,455... 1 100 100 700 700 6,700 
MRO FY Nees eR 349 | 181,331 | 223,410 | $1,069,947 | $1,415,165 $2,057,022 
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The average prices ruled higher for all kinds of brick than 
since 1895 for common and 1894 for pavers. The total brick 
produced in thousands, their total values and their average 
selling price per thousand, are given in Table V. 


TABLE V. 

THOUSANDS. VALUES, Bi Nota ee, 

YEAR. 3 s 

’ VITRI- ’ VITRI- c n = 

COMMON. |PREESS'D.| Jr, | COMMON. |PRESS’D.| J rap. g a = 

fe) i aml 

iS) Ay > 
ot RACs QO851953 |e th eet 45,488 | 8 1,317,473 |..........| § 376,951 | $6:33 |-..... 8.2! 
WBO0 Fe Saicrersenctanies 180,664 11,159 81,704 1,095,074 | 8 87,130 243,928 | 6.06 |$7.81 | 7 69 
HSOG Secs meee 172,195 6.088 14,383 | 1,003,624 47,386 112,985 | 5.838] 7.78 | 7 85 
ASSTeietccosee ts 152,446 7,823 56,315 850,834 57,280 426,056 | 5.58 | 7.31] 7 56 
SOB Feces aes. 181,331 7,222 85,357 1,062,947 ie 57,252 290,463 | 5.90 | 8.14] 8.24 


In 1897 Iowa ranked ninth in the total value of its clay 
goods, and third in the value of its paving brick. In 1896 it 
stood ninth and seventh in the value of total clay products 
and paving brick respectively. Table VI gives the ten lead- 
ing clay producing states for 1897 according to rank, and is 
taken from the reports of the United States Geological 
Survey. 7 


TABLE VI. 
Total Clay 1897. 


o 
ad ep Ss 
bt) 2B oO 
; STATE. a oes VALUE S50 
e SEB coe 
q See 
3s one oom 
os va Ay 
ike ; OV one oan aU OO SOOT SOREN MORO mine Sommer 842 | $ 10,617,684 | 17.48 
Bo |e kee kan agouceosns, 6o00 Bosne ao does oaan 435 7,874,695 | 12.93 
Epon MIN (@iwam VIO I Kowiereystarsttete stot ererareletcceicjoueiate srarereieueTelereiersce 231 5,615,504 9.22 
AN HUNTON Ej certs tre acicn Seen O° CREE Onn Cie 0 ROI a 570 5,398,574 8.86 
Orem NIG Wad ELSOV ictal cieve oieisl sles esos suaia’e’e mjsinielsisieiel sni-10 115 5,322,447 8.74 
(ir ICING biG aoa aoe Aine nc Stamos oat. borane Sc 580 2,812,309 4.62 
eal AN DISBOUT I Nai: oe erie ciersieteis ore salovers) a sieate eels 202 2,396,524 3.93 
Boe PNEASSACIUISCLUS aia deaieisicl ae siicier + + ele stat cieerets selele 1s 109 2,179,396 3.58 
OM ALO Wale me Cee Tey ert iste oe celeste fe aeree 330 1,821,247 2.99 
10. | Connecticut and Rhode Island................. 48 1,336,670 2.19 
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The ten leading states in the production of paving brick for 
1897 are listed below: 


TABLE VII. 
Paving Brick in 1897. 


a «'S 

5 23 

3 nN 

STATES. B é o 2 

6 a |84 

p=) 3 1 

H > Ay 

MLL OL Bis oe este susie 3 oe Bas vine ore bape oleh etouseer ea ONO Tone 87,169 | $719,371 | $8.25 
COTO Fe Sos ase sccis ass ooo stake Sic oleae is aco als ees bioaeano olee ertere reper 85,665 , 597,905 | 6.98 
WOW dire cccieos Secioga tinge ee Sea baa ait ase iets RVUs ater 56,315 | 426,056 | 7.57 
RONNS YL VAL, (oe. o"s ave Sores s.cassm:atserelatsuscavate olesa ye rtete ates ove hele 41,620 | 336,413 | 8.08 
ING WV eV OK 55 eae ose eons eens w are waboiete 1c catubs eae ec eercastemernl < Gamay 28,145 | 309,564 | 11.00 
AWiestr VAR ONT ak. cope cscee nus! loisicbererothe tore eteasererat pietoeo eres 38,271 | 289,886 | 17.57 
TTR N istase tate ia.wk oie taae cis aie thaw tleeeretele Me onctattaees ree reer e ters 27,239 | 266,638 | 9.78 
MIDS SOUT cect ate a cars nisl erarabs oc: erates ites teins eiaseucnea am eIabeie Stas oreere 19,620 | 182,625 | 9.31 
IAMS AS! alts cats cemntere ae eal racoueres BGA Gn oor eer 17,463 | 127,600 | 7.31 


Stone. 


The stone trade for 1898 was indeed encouraging. The 
producers reported almost without exception the demand for 
stone to run from 10 to 20 and even in a few instances, 50 per 
cent better than 1897. The demand for lime shows very little 
improvement over the preceding year. The stone quarried 
includes limestone, dolomite and a small quantity of sandstone. 
Most of the quarries are small and improved machinery is to 
be found in but few. Returns have been received from 161 
producers and show that a total of $563,586 worth of quarry 
products were marketed during the year. The production 
was distributed as follows: 


Limestone—building and road making.............. $ 447,424 
TAM Pare ges ers actos a8 ocak s eee Reece ET eC 109,600 
SANASLOME’.: ressyerals. viths.ccunisrsiaie teats kousbetemer ers rateweryaperermarete rere 6,562 

MROGals Fycnien siete gene, salem ero Popo ooe $ 563,586 


The production by counties is given in table VIII. 


In 1898 the state ranked nineteenth among the stone pro- 
ducers and ninth in the value of its limestone. 
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TABLE VIII. 
Value of Stone Produced in Iowa for 1898. 
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COUNTIES. 
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$ 65 | $ LOM eeaysiete Seale a seta 
1,145 ED re 400 eee 
3,730 FSG) Ie ewe lib at na 
100 i leh| ete een same oe eine 
73/080). 25,2022) > 15-2509) 20) 
2,186 100 ZA SS0n eo ee ce 
1,583 TDS Eee wee 
2,231 1,019 150 Melee 
750 Sieh Nd eo 6 3800 |$ 300 
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11,185 2,398 9,600 |...... 
11,799 10 BBS eee: 
1,118 125 BOCre 
6.500 900 Mice edie Maes 
4,900 500 10005 Maas 
750 PASM loey Motil ny eed EE 
2,240 OGUI ae Morten bets. © 
1,480 600 IEOED Aco ad 
91,393 SOG BSI eee ge tacaited Gea, 
1,947 1,491 SOO -deeee a: 
3,162 OA) Lal ere tenet a ro 
13,294 14,430 1 O0OU| Sere nee 
2 840 8,720 O00 a eee. 
8 0 so bA Vib ey aan ci aes 
6,471 Dl ieee rae ee eae: 
SUS A Macha etna eeteetcatraen alles oie 
2,230 Oo Mcdakc ornate. 
845 260 1,850 318 
1.130 600 LOOR See 

9,59L | 21,365 175 

1,100 Dial oeeg cele eeu: 
270 SO eo eesipreull sence 
5,091 3,650 800 tee 
11.800 4,100 250 es 
6,080 “071 Aen ee 
25,169 S107: HOO |etaciee 
$319 566 |$133,807 |$109,600 | 613 


CC i a rey 


$ 563,586 


‘: The value of the stone produced in Iowa during the five 
years preceding 1898, according to the United States Geo- 
logical Survey, was as follows: 
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1808934 boo oes, ha nae eg oe ee $ 565,374 
iho CROC A eine rea n anys MERS eee So 5 673,269 
TSO ye Co ae ene os ane eee 468,826 
Fh Ream Ne MaMa RRR GR ie CU a 462,128 
TST ones ack ca BOO. a ee ee 495,343 


The decline in sandstone is more fanciful than real and was 
largely due to an erroneous classification. The Mason City 
and Iowa Falls dolomites were listed as sandstones in former 


reports. 
Lead and Zinc. 


The year 1898 was marked by more lead mining in ‘Iowa than 
for some time past. The Halpin mine was a large producer, 
yielding nearly a million pounds of ore. Aside from thisa 
considerable amount was taken out of the Kane Bros. mine 
and smaller sales were made from other diggings. In all 
1,856,427 pounds of ore were sold for $37,128.54. The 
Allamakee and Clayton county mines were not producing in 
1898 and all of the ore came from the Dubuque region. It was 
all reduced by the Watters Smelter, at which plant a certain 
amount of Illinois and Wisconsin ore were also run. There 
were no big ore discoveries during the year though a number 
of small bodies were located, and early in 1899 several promis- 
ing prospects were being explored. 

The zine mines were not active in the early part of the 
season. Small amounts of the carbonate, or bone, were taken 
out at Buena Vista, Durango and Dubuque. Late in the sum- 
mer some of the larger Dubuque mines which had lain idle for 
some years were opened up, and as prices advanced during the 
winter, mining became quite active. In all about 750 tons of 
the carbonate ore were sold at priees running from $5 to $9 
per ton. The total value was $5,005.47. The year was marked 
by the first shipments of the sulphide, jack, made from this 
region in recent years. The ore was sold by the Alpine 
Mining Co., and brought from $18 to $22 per ton. The total 
shipments were 76.5 tons, which brought $1,550.40. Recapitu- 
lating, the output of the district was as follows: 


Mead, 1, 8sGy4ats pound she science eee ae $ 37,128 54 
Zine carbonates 750) tons. meee eter ae ete etek 5,005.47 
Zine Sulphide w(Gtons.ee cee neers 1,550.40 
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EARLY GEOLOGICAL WORK. 


INTRODUCTION. 


LOCATION AND AREA. 


Carroll county is located in the western portion of the 
state, Crawford and Monona counties being between it and 
the Missouri river. It contains the usual sixteen townships, 
576 square miles, and is rectangular inform. Sac and Cal- 
houn counties border it on the north, Greene county lies to 
the east and Audubon and Guthrie are its neighbors on the 
south. It includes a portion of the high upland region which 
divides the waters of the Mississippi from the Missouri. The 
Altamont moraine crosses it from northwest to southeast just 
east of the divide. The older, Kansan, drift is well displayed 
in the southwestern portion of the county. In the north- 
western townships the drift exhibits certain peculiarities 
which, attracting attention in the summer of 1897, seemed 
likely to throw considerable light upon the geology of the 
surface formations of the northwestern counties of Iowa. It 
was with this in view that the study of Carroll county was at 
this time taken up. 


PREVIOUS GEOLOGICAL WORK. 


The earlier geological surveys, conducted by Owen and 
Hall, did not extend into this region. The White survey, 
however, covered the county and in the report issued in 1870 
there is an excellent though brief description of its geology.* 
This was previous to the general awakening of interest in the 
surface formations which has been so marked a feature of 
~ *Geol. Iowa, Vol. IL, pp. 138-146, 1870. 
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geologic work inrecent years. Accordingly the drift deposits 
of the county did not receive the interpretation which is now 
given.to them. Nevertheless the more important phenomena 
were accurately described and certain of the generalizations 
quite clearly foreshadowed. The term moraine was not used, 
but the presence of drift ridges was clearly recognized. Mr. 
Warren Upham seems to have been the first distinctly to 
recognize the moraine in this county. In 1880 he traced it 
through Iowa and gave a brief description® of it as developed 
from Coon Rapids to Breda. 

The present work has included certain brief reconnoissance 
trips in the fall of 1897 and more extended field work through- 
out the season just past. Inthe latter the Survey has had | 
the benefit of field conferences with Mr. Frank Leverett, of 
the United States Geological Survey, who visited the most 
important exposures in company with the author. | 


PHYSIOGRAPHY. 


TOPOGRAPHY. 


Carroll county belongs to the great prairie plain of the 
middle west. Itis not marked by any pronounced inequalities 
of surface. The maximum variation is about 360 feet, but 
individual slopes of more than 150 feet are exceptional. The 
general effect, away from the immediate neighborhood of the 
streams, is that of a gently undulating plain. This plain is, ' 
however, not quite level; neither is it tilted in a single direc- 
tion. It has been warped so as to slope to the northeast and. 
to the southwest, from a slightly sinuous line running approx- 
imately through Arcadia and Templeton. This line is the 
divide between the Mississippi and Missouri river systems. 
Plate ii shows two sections across the country, one follow- - 
ing the line of the Chicago & Northwestern railway and 
accordingly running from east to west through the middle, 
a and the other along the Chicago, Milwaukee & St. Paul rail- 


*Geol. Nat. Hist. Surv., Minnesota, 1880, pp. 308-309.3 
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TOPOGRAPHY. Ss 


way, in the southern portion of the county. These cross-sec- 
tions bring out fairly well the broad shield-like character of 
the divide, though this feature would be more pronounced if 
longer sections were taken. The fact that the major portion 
of the county lies on the eastern slope is shown, as well as the 
fact that the width of the area tributary to the Missouri 
increases to the south. The sections do not show the tabular 
character of the divide so well as one constructed regardless 
of drainage lines would. The railways have necessarily fol- 
lowed the latter for the sake of easy grades. Arcadia, Glid- 
den and Templeton, however, stand practically on the upland. 
At Carroll the profile shows a considerable elevation, marking 
the Altamont moraine. This is, however, feeble, as compared 
with the actual profile, since the hills here rise 130 feet above 
the railway grade. The slope from Arcadia to Westside is too 
great, and gives an undue ridge-like aspect to the divide. At 
Arcadia the grade is but 45 feet below the general upland. 
At Westside it is considerably more. Coon Rapids is built on 
the out-wash plain of the moraine, and the hills, both north 
and south, rise 180 feet above the town. 

The general flatness of the region is none the less shown by 
the profile, despite the fact that in the drawings the vertical 
seale is exaggerated to ten times the horizontal. The divide 
is not to be thought of as a narrow ridge, but as a broad, gen- 
tle swell. The opposing systems of streams lead up to it on 
opposite sides. They do not usually interlock to any notable 
extent. There is ordinarily a rather prominent belt of coun- 
try between their headwaters, which is barely cut into. This 
debatable ground forms the real divide and is rather a bit, of 
upland plain with imperceptible slopes than a narrow dividing 
ridge. It has itself a gentle slope to the south, from 1,476 
feet on the higher flats north of Arcadia to 1,450 feet on simi- 
lar flats west of Templeton. To the east the surface slopes 
off gently to the Mississippi, falling 850 feet in the 250 miles 
between Arcadia and Sabula, which lies approximately east of 
the latter place. The western slope is greater, as the fall 
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between Arcadia and Onawa, which lies fifty miles almost 
due west, is 391 feet. As measured from Templeton to Lyons 
the fall is 856 feet in 245 miles, and the corresponding slope to 
the west is 398 feet in the fifty-eight miles to Blencoe. The 
major slope, however, is not directly east or west, but rather 
to the southeast and southwest. This is sufficiently indicated 
by the direction of the drainage lines, but is readily proven 
as well by comparisons of levels. The upland surface is very 
slightly convex. The slope per mile increases both from the 
west and east as'the median line is approached, though the 
increment is very slight. The sugface is not, however, even. 
It has been etched by the streams, which have cut great gashes 
into it, and it bears on its surface the unreduced accumula- 
tions of the later geological epochs. The latter are piled up 
so as to form minor rugosites on the shield surface. 

The stream valleys, cutting in from the west and the east 
and acting according to the well known law of river profiles, 
have longitudinal sections which are of increasing concavity 
as the sources are approached. This concavity of the river 
profiles, while slight, as shown in instrumental surveys, is 
great aS compared with the much slighter convexity of the 
upland surface. The result, of course, is that the stream val- 
leys are relatively deep and sharp near the divide though the 
same valley is both broader and shallower nearer its mouth. 
This gives to the country near the divide a relatively fresh and 
uneroded appearance. There are broad, barely sloping 
divides bounded by narrow, deep-cut ravines. There are, 
however, many reasons for the belief that the region of the 
divide belongs with the more eroded region of southern Iowa 
in age, at least so far as the part found in Carroll county is 
concerned. 

The erosion topography, while more noticeable near the 
headwaters of the streams, is characteristic of all the area 
south and west of the edge of the Wisconsin drift, as traced 
on the accompanying map. This line divides the county into 
two areas which are topographically quite distinct. The 
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northeast part of the county has a typical drift-plain topog- 


raphy. The narrow median belt is morainic. The south- 
western part is a region of typical erosion forms. Consider- 


ing the morainic belt as belonging with the drift plain into 
which it merges, the area shows two sharply contrasted sets 
of topographic features. The one is almost wholly the result 
of ice action and the other is exclusively due to the long-con- 
tinued work of rivers. 


WISCONSIN DRIFT PLAIN. 


The most striking topographic feature of the drift plain is 
the presence of undrained areas. While there are now no 
large lakes within the county there are numerous ponds and 
sloughs. Goose lake, in the western part of Richland town- 
ship and a portion of Pleasant Valley, and Morris lake, in the 
northwestern part of Union township, are now drained but 
are reminders of a past but little removed. Goose lake was 
one and a half miles long by one-third as wide, and Morris 
lake covered nearly 200 acres. These are in the morainic 
belt near the edge of the drift. The smaller ponds and. 
sloughs, however, are irregularly distributed from the very 
edge of the Wisconsin to the extreme northeastern corner of 
the county, and for that matter, for miles beyond. They vary 
considerably in size and depth but may all be fairly considered 
shallow and small. Many are now mere grassy swales, cov- 
ered by water for only a portionofthe year. In rainy seasons 
they expand and in prolonged wet weather a considerable 
area may be brought under water. Sucha condition betokens 
extreme topographic youth and the increasing amount of 
land dry enough to cultivate regularly is due more to artificial 
ditching and drainage than to normal stream action. The 
whole country away from the immediate neighborhood of the 
major streams is one gently undulating plain of very slight 
relief, grass-covered where uncultivated, and dotted by the 
groves set out by the pioneers. The large valleys are marked 


by thin, straggling lines of native trees. The plain is made up 
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of interlocking and disconnected shallow basins with inter- 
vening swells of reverse contour. It is the type of topog- 
raphy characteristic of the Wisconsin drift plain, through- 
out the state,* and called the saucer topography, from the 
likeness of the basins and swells to irregularly placed saucers. 
The basins are of various outline and usually without outlet. — 
Some are connected by narrow ditch-like channels through 
which run the sluggish waters of a young stream. Storm 
creek is really a series of such basins so connected. 


Fic. 1. Morainic knob in northwestern part of Carroll. 


The swells rise normally but twenty to thirty feet above 

the adjacent low land. Southwest of Glidden there is a group 
rising quite sharply; one with three peaks forming a broken 
ridge. These are morainic in appearance, and are composed 
of drift. They seem to be detached, and do not apparently 
form a part of a connected series. Near Benan there is a 
small group of kames, which will be described later. Along 
the southwest border of the drift plain the swells become 
gradually more pronounced, the slopes steeper and the hills 
higher, until a well developed morainic topography is found. 
The morainic hills rise 60 to 70 feet above the drift plain 
proper, but do not stand up notably above the higher divides 


*Geology of Polk County, lowa Geol. Surv., Vol. VII, p. 270. 
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west of the Raccoon river. Near Carroll their tips rise to 
1,400 A. T. At Breda, and in some portions of Carroll’ town- 
ship, the outer slope of the morainic is well pronounced. In 
general, the inner border is not well defined. In Kneist town- 
ship the country is slightly morainic as far east as Mt. Car- 
mel. In Pleasant. Valley township, where the moraine runs 
west of the Raccoon river, the border is much better defined, 
and from Carrollton to the southeast corner the bulk of the 
moraine is between the Raccoon river and a broad sag which 
‘seems to mark the former course of that stream. In general, 
the moraine covers a strip of country from one anda half to four 
miles in width. Upon the accompanying map its outer border. 
is traced with some care. For the reason just given its inner 
border is generalized somewhat. The fading of the moraine 
into the drift plain is often so gradual as to make it a matter 
of opinion where the line should be drawn. | 
Mr. Upham’s description of the moraine as found in the | 
county may be quoted as being the first published, and also 
_ for its conciseness and clearness.* 

‘In Carroll county this belt, from one and one-half to three 
or four miles wide, continues northwestward by Coon Rapids, — 
Carrollton, Carroll, and Maple Junction to Breda. From the 
southeast corner of the county to Gustine Grove, two miles 
beyond Carrollton, it consists of swelling hills of till, not so 
rough as to be typically morainic, which occupy a width of 
one and one-half to three miles along the northeast side of 
Middle Raccoon river, rising from 100 to 150 feet above it, and 
averaging seventy-five feet or more above the smooth sheet 
of till on the east. Between one and two miles northwest 
from Carrollton some of these hills, 100 feet above the river, 
consist of loess at the surface, free from pebbles to a depth of 
ten or tweive feet. This has the same yellowish color as the 
upper part of the till. Other hills near have many rock frag- 
ments, both large and small, being common till, but morainic 
in the abundance of bowlders. From Gustine Grove to Car- 


* Geol. Nat. Hist. Surv. Minnesota, 1880, pp. 308-309, 1891. 
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roll the moraine holds its straight course northwestward, 
lying on the southwest side of the river, which here flows east 
and then south. Its height is from 100 to 125 feet above the 
river. A part of its mounds and hillocks through this distance 
are covered by loess, but mostly their surface is till, with 
numerous bowlders and pebbles. A lakelet two miles south- 
east of Carroll, and frequent sloughs, lie in the depressions 
of this formation. Beyond Carroll the Middle Raccoon river 
is again its southwest boundary, from which it reaches to 
Mount Carmel. It here consists of moderately rolling till, | 
with crests thirty to fifty feet above its hollows; and this 
character continues to the north line of the county, where its 
course is through the northwest part of Wheatland township, 
with a width that reaches about a half-mile east and two 
miles west of Breda.”’ 


- LOESS-KANSAN PLAIN. 


South and west of the moraine a very different sort of 
topography prevails. There are no lakes, ponds or swales, . 
except such as have been constructed by man, or an occasional 
bit of marshy ground on ariver bottom land. The whole area 
is thoroughly drained by a well developed system of rivers. 
The valleys are cut deep into the drift and both they and the 
narrow, but usually flat, divides stand in obviously close 
relations to the present streams. There are no hills which 
rise above the general level and such hills as are present are 
but dissected portions of the inter-stream areas. The slopes 
are even and regular and usually are long and gentle. The 
peculiar hummocks of gravel and knob-on-knob hills which 
abound in the morainic area, and are occasionally found in 
the drift-plain area, are entirely absent. Everywhere it is 
the streams which are dominant and the topography has been 
carved by them out of the general upland plain already 
described. Standing on one divide one may look across a 
series of similar narrow tabular divides all rising to form this 
plain and together forming a skeleton net-work outlining its 
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former extent. One hundred to 180 feet below this the 
streams are now cutting. The minor branches are working 
back into the hills and their headwaters reach up the slopes 
usually to the base of the loess which constitutes the most 
usual underground-water level. Above that the Slopes are 
gentler and of different contour as resulting from occasional 
wet weather erosion and continued atmospheric weathering — 
rather than continued erosion alone. In their lower courses 
the larger streams are developing bottom lands. The latter 
are, however, relatively slight and it is doubtful whether any 
considerable portion represents permanent filling. The flat 
areas found along the streams belong rather in the category 
of straths, as defined by McGee.* The region is one of. very 
delicate adjustment of the streams. They are just approach- 
ing maturity and while the upland is almost gone, the lowland 
has hardly begun to form. The streams are actively eating 
away the inter-stream divides! Occasionally they cut so 
close together that narrow knife-like divides and unstable 
forms occur. An instance of this may be seen about three 
miles east of Dedham (Sec. 14, Newton Tp.) where a narrow 
divide has been broken up into a series of knobs closely simu- 
lating in appearance some of the morainic hills. 

The southwestern area, as contrasted with the northeastern, 
‘presents everywhere evidence of topographic maturity rather 
than topographic youth, of erosion rather than deposition, of 
stream action rather than ice work. It is clearly older and 
the land forms present must have been almost wholly devel- 
oped before the Wisconsin ice came into the region, 


DRAINAGE. 


The streams of the county reflect the same differences that 
are shown in the topography. The North Raccoon, Purga- 
tory, Elk, Storm and Willow creeks are young, have few 
branches, and flow in anomalous valleys. The Middle Rac- 
coon, Brushy Fork, the two Nishnabotnas, and their branches 
are older, have many secondaries and, except in the case of 


*Pleistocene Hist. N. E. Iowa, Eleventh Ann. Rept. U.S. Geol. Survey, pp. 261-262. — 
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the first mentioned, normal, unterraced, valleys. The Nish- 
nabotnas and their tributaries, with the headwaters of East 
Boyer river and Beaman creek, belong to the Missouri drain- 
age system. The remaining streams flow into the Mississippi 
through the Raccoon and Des Moines. 

The best developed stream in the northeastern portion of 
the county is the North Raccoon. This stream has its head- 
waters in Buena Vista county and unites with the Middle 
Raccoon near Van Meter in Dallas county. As found in Car- 
roll county it is a narrow, shallow, recent stream. It receives 
Elk, Buck and Doe runs from the west, and Purgatory creek 
from the east. Its banks are mainly Wisconsin drift, though 
there are exposures of the Dakota sandstone on the main 
stream and on Purgatory creek. The system has done con- 
siderable cutting, and at Benan the river is eighty feet below 
the upland to the west. The divide between the main stream 
and Purgatory creek in the same region rises seventy feet. 
Where the North Raccoon crosses the east county line the 
valley has been cut to a depth of ninety-five feet. There are 
terraces on the main stream and gravels along Purgatory 
creek, which will later be discussed. 

Storm creek is in many respects the youngest looking 
stream in the county. It has no real valley, but winds in and 
out between the low drift swells, expanding to form a swale 
and then contracting to a narrow ditch. Through much of its 
course it catches the drainage, such as it is, of the back slope 
of moraine. It has, though, no system of feeders nor any of 
the marks of age. It is a typical consequentstream. It joins 
the Middle Raccoon where the latter flows inside the moraine 
west of Glidden. 

Willow creek is a name applied with more or less authority 
to three separate branches within the county. The largest is 
a stream starting about a mile southeast of Glidden and flow- 
ing across the southwestern corner of Greene county to the 
Middle Raccoon, about three miles south of Bayard in Guthrie 
county. In its upper portion this stream is a recent, conse- 
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quent stream, similar in all respects to Storm creek. In its — 


lower course it is an older, resurrected stream* occupying a 
part of a rock-cut valley out of which the Raccoon had been 
pushed by the ice. This valley is marked by a sag running 
across Union township and occupied in part by a tributary of 
Willow creek, to which the name of the parent stream is some- 
times apphed. The third Willow creek is a small tributary 
of Nishnabotna river joining that stream near Manning. 

The most important river in the county is the Middle Rac- 
coon, or Middle Coon as it is sometimes called. This stream 
has its headwaters within the county in the high upland 
region of Wheatland township. Irom Breda down to Maple 


River junction it is sometimes called Maple river. About 


half way between the two places it receives a rather impor- 
tant branch from the northwest, and near the junction it 
receives the stream followed from Arcadia by the main line of 
the Chicago & Northwestern railway. These three prairie 
streams together form what is usually considered as Middle 
river. From Carroll to Coon Rapids the river receives numer- 
ous branches from the west, each with well developed second- 
ary and tertiary branches. A similar series of streams which 
doubtless once flowed into it from the east have been blotted 
out by the Wisconsin ice, and now Storm creek is the only 


important tributary from that direction. In general, Middle 


Coon flows just outside the altamont moraine, and. usually in 
a valley older than the latter. In this it simulates the 
behavior of the older portions of the river in Guthrie,t Dal- 
last and Polk§$ counties. In Carroll county the Coon has 
been more disturbed by ice than farther south. As far south 
as Carroll the valley is outside the theatre of action of the 
Wisconsin ice, and seems to have been uninfluenced by the 
latter. At Carroll it turns sharply to the east, cuts through 
the moraine, and reaches the broad low flat which lies just 


*Bul. Geol. Soc. Am,, vol. I, p. 549. Lowa Geol. Surv., vol. VI, p. 459. 
+fowa Geol. Surv., vol. VII, pp. 423-426. ¢ 

+Ibid, vol. VIII, pp. 60-62. 

§Ibid, vol. VII, pp. 276-277. 
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inside the latter. There has been considerable filling in at 
this point, and it is not impossible that this portion of the 
river’s course marks a temporary lake, obliterated by being 
filled up. After joining Storm creek the river runs south to 
Gustine’s Grove where it cuts through the moraine in a nar- 
row and impressive gap, and takes possession of the valley of 
an older but smaller stream coming from the west. It follows 
this valley to about a mile south of Carrollton, this portion of 
its course being beautifully terraced. At the last point men- 


—- 


Fig. 2. The Middle Raccoon at Coon Rapids. 


tioned it makes a loop into the moraine then out again, and 
finally, in See. 18 of Union township, it passes again into the 
moraine. From this point to Coon Rapids it has cut a deep, 
narrow trench among the morainie hills, and has all the marks 
of a very young stream. At Coon Rapids it has been pushed 
over into the valley of another small stream from the west, 
and it follows this valley to beyond the limits of the county 
to the mouth of Willow creek in Guthrie county.* In its 


ee map of Superficial Deposits of Guthrie County. opp. p. 448. Iowa Geol. Sury., val. 
VIII, i897. 
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present form the stream is accordingly largely the result of the 
invasion of the Wisconsin ice sheet. Before the latter came 
into the region the streams were flowing to the southeast, and 
had, probably, symmetrically developed tributaries. Brushy 
‘Fork and Wichita creek in Guthrie county,* and portions of 
the Skunk river valley,+ mark this old line of drainage. The 
southwestern front of the Wisconsin ice sheet met this direc- 
tion of drainage at a slight angle, so that it crossed the suc- 
cessive streams in a north-south direction. Hach stream, as 
it met the ice, was ponded till it found a gap into the next 
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Fig. 8. Middle Raccoon valley, southwest of Carrollton, with Altamont moraine 

in the background. Looking northeast. The trees mark the position of the 
river. } 
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valley to the south. The latter would then be followed by 
the water till it in turn was blocked by the ice when a new 
outlet had to be found. As the ice retreated the waters occa- 
sionally followed the vanishing ice front until they were 
located on the low belt of land which in this region seems to 
be characteristically present just inside the moraine. Pos- 
sibly in some cases they flowed temporarily under the edge of 


*See map cited above. 
+#Geol. Polk County, Iowa Geol Surv., vol. VII, p. 284. 
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the ice when the volume of water to be so accommodated was 
not great. This may have been true for the present case 
from near Carroll to Gustine’s Grove. At the latter point the 
waters were turned into a valley outside the ice. This same 
valley was crossed just south of Carrollton, and the water 
formerly flowing in it was carried along the ice front to Coon 
Rapids where, as already indicated, it was again turned into 
a small extra-morainic valley. The old valley proper runs 
from near Carroliton southeast to the mouth of Willow creek, 
and is occupied by the lower portion of that stream and the 
tributary already noted as sometimes called by the same 
name. ‘The valley now shows as a prominent sag, marked by 
a line of artesian wells. The small stream flowing in it is 
wholly inadequate to its excavation, and is a resurrected 
stream. Coon river accordingly is made up of a series of bits 
of old captured valleys and new trenches which it has cut for 
itself. The lower portions of the older streams are cut off, 
and only in the case of the larger one have been resurrected. 

Brushy Fork lies wholly outside the influence of the Wis- 
consin and shows accordingly what were probably the char- 
acteristics of the streams now united to form Coon river. It 
has a well developed valley cut at the south county line 220 
feet below the upland, and has numerous tributaries. These 
are systematically developed, though those on the southwest 
are a trifle more abundant and vigorous. In the abundance 
of tributaries this portion of the stream differs a little from 
its lower course in Guthrie county.* It is, however, char- 
acteristic of the streams of the southwestern part of the 
county, which cover the area with a perfect net-work of 
branching and re-branching streams. 

The Nishnabotna has two branches in the county, both 
having their sources within the limits. As developed here 
they are simple prairie streams of some age and in a heavily 
drift-covered country. They, with East Boyer river running 
from Arcadia west, and Beamans creek in the extreme north- 


*Geol. Guthrie Oo., Iowa Geol. Surv., vol. VII, pp. 424-425, 
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western part of the county, belong to the Missouri drainage 
system., Their lower courses have not yet been studied by 
the Survey. 

Of the preglacial history of the streams of the county noth- 
ing is known. There are as yet too few facts relative to the 
rock surface to warrant any generalizations. In general, the 
streams of the southwestern part of the county are younger 
than the drift and older than the loess, in which they agree 
with the streams of most of southern Iowa.* There are 
minor branches which are younger than the loess and there 
are some even more recent changes, but the drainage as a 
whole is post-Kansan and pre-loessial. The streams east of 
the moraine are post-Wisconsin except the lower portion of 
Willow creek, already noted. 


STRATIGRAPHY. 
General Relations. 


The surface formations of Carroll county belong entirely to 
the drift and associated deposits. These cover the entire 
county so completely that only avery few rock exposures 
are known. The later belong, with one exception, to the 
series of sandstones and clays which have been referred to— 
- the Cretaceous. Well borings in various parts of the county, 
as well as outcrops in the neighboring region, indicate that 
the Cretaceous covers almost the entire county immediately 
under the drift. At one point only, a different and probably 
older rock, which is provisionally referred to the coal meas- 
ures, projects through the Cretaceous and is exposed at the 
surface. Quite possibly there are other cases of the coal 
measures running up through the Cretaceous, but if so, they 
are concealed by the drift. 

In the subjoined tables the terrains found in the county are 
arranged in stratigraphic order. 


*Geol. Washingt n county. Towa. Geol. Surv, vol. V, p. 125; Geol. Appanoose county, Ibid, 
p 374: Relations of Wis. an ‘Kan Drift Sheets, etc, Towa Be 1 Su ury, vol. VI, p 460; Geol. 
Johnson county, bid, vol. VIL, p. 50; Geol Polk county, Ibid, 277 ; Geol. Guthrie county, 
Ibid, p. 425; Geol. Dallas county, Ibid, vol. VILI, p. 61; Geol. Deeatur Uoaety. ‘Tbid, p. 265. 
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TABLE OF FORMATIONS. 


GROUP. SYSTEM. SERIES. STAGE 
Recent. | Alluvial. 
Cenozoic. Pleistocene. Wisconsin: 
| Glacial. Iowan? (Loess.) 
Kansan. 
Mesozoic. Cretaceous. Upper Cretaceous. | Dakota. 
Paleozoic. Carboniferous. Des Moines. 
CARBONIFEROUS. 


DES MOINES. 


The rocks which are here referred tothe Carboniferous are, 
so far as is now known, exposed at but one point; about one 
mile southwest of Carrollton (Ne. qr. of Sw. +, See. 1, Newton 
Tp.) The exposure is on the southwest side of the Middle 
Coon river, not far below the wagon bridge which spans the 
river in the same quarter section. The outcrop is small and 
is at present very largely covered up. The rocks found 
include both shale and limestone. The shale is gray, thinly 
laminated, sandy and micaceous. Its thickness could not be 
measured. It is covered by the limestone, which varies a 
little but is about three feet thick. The rock has been quar- 
ried some and quite a pile of fragments are present. A care- 
ful search through this pile of material failed to show any 
satisfactory fossils, though one obscure fragment, which may 
represent Productus costatus, was found. Nothing of certain 
value, however, could be collected. The rock itself is nodular 
and more or less fragmental. The matrix is a brown, fine 
grained limestone, such as usually breaks with a clean, con- 
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choidal fracture. Here it is set with small, glistening parti- 
cles, which at first sight may be taken for grains of sand. 
Nevertheless, many of them are soft enough to be calcite, 
and they are probably all or nearly all to be considered as 
small crystals of that mineral. 

In general appearance the rock resembles closely certain 
limestones belonging to the middle coal measures or Raccoon 
river beds in Guthrie,* Dallas,+ Madison,{ and other coun- 
ties to the south. In the latter region, however, the rock is 
usually fossiliferous. The fine grain of the Carrollton beds 
makes the material unfavorable for fossils and the limited 
outcrop makes it MEP OSS Le to hope for another facies of the 
rock. 

This exposure was first located and described by White,§ 
but no opinion was expressed as to its age. In considering 
the latter there are three hypotheses to be kept in mind. The 
rock may be (a) Carboniferous, (b) Cretaceous, or (¢) Pleisto- 
cene. Considering the last first, it may be remarked that 
Pleistocene limestones are not uncommon in western Iowa. 
The loess and drift are very calcareous and the waters com- 
ing from them are heavily charged with lime. When, accord- 
ingly, such waters reach the surface through permeable sand 
or gravel beds, they quite frequently cement the latter into’ 
a hard ledge of rock. At Woodworth’s Glen, in Monona 
- ecounty,| a ridge of this kind has led to the formation of a 
very pretty waterfall. Near Anthon, in Woodbury county,{ 
there is a similar ledge. Near Fort Dodge a few years since, 

large masses of such limestone containing leaves of trees at 
present living in the vicinity, were collected by Mr. Frank 
Wilder. In Dubuque and Clayton counties the talus slopes 
along the Mississippi are cemented together so firmly as to be 
quite equal in hardness and strength to ordinary limestone of 


*Iowa Geol Surv., vol. VII, p. 446. 
+Ibid., vol. VIII, p. 82, 

*[bid, vol. VII, p. 509. 

§Geol. Towa, vol. UI, p. 145, 1870. 
ilowa Geol. Surv., vol. V, pp. 280-281. 
Slowa Geol. Surv., vol. V, p. 281. 
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the region. In all these cases, however, the resulting rock 


would be classed rather as a conglomerate than a lime- 
stone. The calcareous matter has been deposited around and . 


between particles of foreign matter and it seems not impos- 
sible that the presence of this foreign material may have had 
a certain amount of influence in inducing the deposition. It 
is known that deposition from super-saturated solutions is 
brought about by the introduction of foreign matter or by a 
change in the physical conditions of the solution. With 
favorable and uniform conditions, solutions may be over- 
loaded to a notable degree without inducing deposition. It is 
something of a question, then, whether limestones would be 
deposited from simple fresh-water solutions except by the 
selective action of foreign material. On the other hand, it is 
easy to conceive that a conglomerate may be formed by the 
intense super-saturation induced by evaporation acting on a 
thin film of calcareous matter coating the pebbles or sand 
grains of the mass. The action would be similar to that in 
the case of the formation of ‘stalactites. If, however, any 
such action took place it would be expected that the phenom- 
ena which Posepny has proposed to eall ‘‘ Crustification,’’* 
would be present. There are, however, no signs of such 
phenomena in the rock in question. The limestone is largely 
a clean, brown to gray limestone, often almost wholly free 
from foreign matter, and with no pronounced banding. 
Furthermore the presence of the small films and grains of 
crystalline calcite seems to indicate an opportunity to crystal- 
ize out of a solution of considerable extent. The rock then 
does not have the structure or appearance of a spring deposit 
and is of such texture and composition as to make it difficult 
to conceive of its formation through the action of fresh-water 


solutions. It does, however, greatly resemble similar rock | 


found not far away and known to belong to the marine Car- 
boniferous. Other features of the case would be more favor- 
able to the hypothesis of the Pleistocene age of the rock. Its 


*Genesis of Ore Deposits, Trans. Amer, Inst., Ming. Eng., vol. XIII, p. 207, — 
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apparently limited development, while it might be accounted 
for under either hypothesis, would be especially apt to be 
true if it were formed by spring action.' The rock is covered 
by calcareous Wisconsin drift and rests on. an impervious 
Shale. The horizon is one of springs and seepage, and water 
is usually found seeping out of the‘bank along the top of the 
limestone. So far as was observed, however, this water was 
not more caleareous than elsewhere, where no limestone is 
present. No analyses were made, but a search for direct 
evidences of deposition such as are usually common in such 
cases, was fruitless. 

Regarding the second hypothesis, that of the Cretaceous 
age of the rocks in question, but little need be said. . The 
Cretaceous is the only indurated rock exposed within the 
immediate vicinity. It is, however, of a radically different 
lithological character and nowhere in the state has limestone 
of this type been found in the formation. The only lime- 
stones known are found in connection with the chalk beds of 
the Niobrara. These occur along the Big Sioux river,* the © 
 Floyd,tand on the North Raccoon, at Auburn, in Sac county. 
They are always soft, fossiliferous and separated from the 
sandstone by a considerable body of fossiliferous shale. The 
beds at Auburn are of the same character as those on the 
Sioux, and if they should change so slightly in so great a 
distance it is hardly probable that in the distance between 
Auburn and Carrollton there would be an entire change in 
character. So far as the shales found with the limestone are 
concerned, they might readily be either Cretaceous or Car- 
boniferous. It may be noted, however, that no such shales 
‘are known to occur in the Cretaceous of the region, though 
common enough elsewhere, while the type is one common in 
the Carboniferous. : 

There is, then, no good reason for referring the beds to the 
Cretaceous, though it can not be affirmed that such a refer- 


*Iowa Geol. Surv , I, 147-161; III, 101-114; V, 273-275; VIII, 330, 
tlowa Geol. Surv , vol. VLIT, p, 382. 
£Proc. lowa Acad. Sci., II, 173. 


72 GEOLOGY OF CARROLL COUNTY. 


ence would be wholly impossible. The reason for believing 
the beds are of coal measure age have been largely suggested 
in the foregoing. The resemblance of the material to the 
strata common to the coal measures of the region, the possi- 
ble presence of Productus costatus and the apparent impossi- 
bility of referring them to any other series known to occur in 
the region, are the main reasons for the correlation. The 
limestone is about six feet above the river and the shales 
below it are largely covered by alluvium. The Cretaceous 
sandstone occurs at several points along the river, within 
sight of the exposure. The sandstone rises nearly twenty 
feet above the water and rests, according to White’s observa- 
tions*, upon some dark colored arenaceous clays, which were 
below water at the time of the present visits. Certain of the 
exposures nearest the limestone outcrop show cross-bedding 
dipping away from the later, which may, perhaps, be sig- 
nificant. The whole field evidence indicates unconformity and 
accords with the well known fact that there is a marked 
unconformity between the Carboniferous and Cretaceous. + 
Accordingly, while in the absence of good fossils the refer- 
ence can only be provisional, it is best to consider the beds 
aS belonging to the Carboniferous. More specifically, they 
may be referred to the upper part of the lower coal measures 
or Des Moines series. They represent, doubtless, some of 
the beds seen in Guthriet and Dallas§$ counties and which 
belong to the old middle coal measures. This particular 
facies is now known as the Raccoon river beds. | They repre- 
sent the closing portion of the lower coal measures, the epoch 
immediately preceding the area of limestone formation repre- 
sented by the quarry beds at Harlham and Winterset. 


*Geol. Iowa, vol! If, p. 144. 

+tGeo). Guthrie Co., Lowa, Geol. sare vol. ViI,:p. 453, and map opp. p. 480. 

tLowa Geol. Surv., vol. VIL, p. 428. 

§Ibid, vol. VIII, p. 63. 

|Jour. Geol., vol. VI, pp. 577-588. 

Jlowa Geol. Surv , vol. VIILJ, pp. 509-520, 524-531. Amer. Jour. Science (), vol. V, pp. 433-439. 
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‘Along Middle Raccoon river near Carrollton and Coon 
Rapids, and on the North Raccoon and Purgatory creek near 
Benan, there are exposures of a soft sandstone with some 
associated clays and conglomerates which may be referred to 
the Cretaceous. As seen where the wagon road crosses a 
small stream coming into Raccoon river from the west, south 
of Coon Rapids (Se. qr., Sec. 34, Union Twp.), the rock is a 
soft orange colored sandstone, unfossiliferous, and much 
cross-bedded. It carries small, smooth and well rounded 
pebbles of white and pink quartz and black chert, such as is 
so abundant in the Guthrie county exposures. East of Coon 
Rapids, the railway at one point cuts into some bright red to 
orange sand, which doubtless represents the top of the forma- 
tion. Southeast of the same place exposures of the sand- 
stone are frequent, along both the Raccoon river and Willow 
creek. haan 

At the mill in Goon Rapids the sandstone shows on both 
sides of the river, and probably originally formed a bar across 
the stream. It is the same soft yellow material, and carries 
the usual well rounded pebbles. Pink and white quartz, and 
black and white cherts were collected here. There are about 
four feet of sandstone exposed at the dam, the top being ten 
feet above the water. The stone shows some cross-bedding, 
and carries a thin band of clay. This band is not much more 
than an inch in thickness, but is remarkably clean and plastic, 
resembling putty in consistency. Similar material occurs 
near Rocky Bluff, southeast of Coon Rapids.* Near the dam 
there are several large blocks of this clay in the drift in such 
position as to indicate that they have not been carried far. 
The fact suggests that undisturbed beds of it may be found 
overlying the sandstone in the hill. Above the dam the sand- 


' \*Iowa Geol. Surv., vol. VII, p. 452. 


74 GEOLOGY OF CARROLL COUNTY. 


stone forms a pretty mural escarpment on the west side of 


the river, as shown in figure 4. 
The Cretaceous exposures south of Carrollton are around 


the big bend in section 1 of Newton township. The stone - 


shows at several points on both sides of the stream, forming 


Fia. 4.. Dakota Sandstone at Coon Rapids. 


sharp bluffs twelve to fourteen feet high, with the tops rising 
to 1,165 feet above sea level. The stone is friable, lighter 
colored than at Coon Rapids, and not especially iron stained. 
It shows cross-bedding, and is cut by asystem of great joints. 
In general appearance it closely resembles the Saint Peter 
sandstone as exposed along the Mississippi river. | 
The exposures on Purgatory creek and North Raccoon 
show similar material. The stone outcrops at the river’s edge 
south of Benan, where a group of kames is cut through by 
the river. North of the town, at the ford where the old mill- 
dam was located, the rock is said to occur just below water 


: ah it 
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level. While it is not now exposed the evidence is considered 
sufficiently good to warrant mapping an exposure at this 
point. hae 
West of the exposures noted there are no outcrops in the 
county so far as can be discovered. At Arcadia and other 
points the sandstone is struck in deep wells. The altitude of 
the rock at Arcadia is about 1,100 feet, and the rock surface 
seems to be fairly level throughout the county. 
Hxposures of the sandstone are found in Sae county (sec- 
tions 12 and 14, Sac township) and in Greene county,* and 
outcrops are very abundant in Guthrie county.+ It is in the 
latter county that the rock has been mainly studied. The 
conglomeratic facies is more’ pronounced there, and, in addi- 
tion to the quartz and chert pebbles, numerous silicified 
‘Niagara and Devonian fossils are found imbedded in the rock. 
A few Cretaceous fossils have been collected, and thin lignite 
seams occur. While neither the fossils nor the lignites are 
’ found in Carroll county the other resemblances are so close 
as to make the correlation quite secure. The exposures near 
Auburn offer the additional evidence of good outcrops of 
undoubted chalk rock of the Niobrara in connection with the 
sandstone. The chalk rock has all the characters common to 
the same formation as exposed along the Big Sioux,{ and 
earries abundant /noceramus labiatus. 


PLEISTOCENE. 


Carroll county lies within the area which was in recent 
geologic time covered by a series of great glaciers or ice 
sheets. These ice sheets, having their birth in the Canadian 
uplands, crept slowly southward as far as the Ohio and Mis- 
souri rivers. All of Iowa, except a small portion in the 
extreme northeast, was covered at the period of the maximum 
extent of the ice. Parts of lowa were covered several times, 
for it seems that the ice more than once retreated and 

*Geol. Lowa (White), vol. IL, p. 183. 1870. 


tIlowa Geol. Surv., vol. VII, pp. 451-459. 
+tlowa Geol. Surv., vol. II{, pp. 99-114, 
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re-advanced. Some of the later ice sheets did not advance 
so far to the south as the earlier ones, and there were occa- 
sional differences in the deposits made. The drift series in 
Carroll county includes deposits made by two separate ice 
sheets. The one covered the whole county and indeed 
extended for miles beyond its limits. The bowlder clay left 
by this ice sheet is known as the Kansan, since it has been 
extensively studied in the state from which the name is 
derived. The other covers only the northeastern portion of 
the county. It is known as the Wisconsin, from its magnifi- 
cent development in that state. These drift sheets, as now 
exposed, show certain very striking differences, though in 
many particulars they are closely alike. When the Kansan 
ice retreated from the region it probably left the country in 
much the same condition as that is now which was covered 
by the Wisconsin. The differences in the two areas are 
mainly differences which have resulted from the weathering 
of the drift and the erosion by the streams in the post- Kansan 
interval. One exception to this occurs in the uniform presence 
over the Kansan drift of the soft, pebbleless loam or loess. 
This is a comparatively late deposit, laid down over the Kan- 
san after most of the erosion of the area had been accom- 
plished. | 


KANSAN DRIFT. 


As has been stated the Kansan, when first exposed by the 
melting of the overlying ice, probably resembled greatly the 
present Wisconsin drift. The great valleys of the Nishna- 
botna, Brushy Fork, Middle Raccoon and their numerous 
branches and sub-branches, were not present. The whole 
country was a fairly even plain at a level a little above the 
present hill tops. This plain probably showed the same sort: 
of swales, ponds and lakes which now dot the country to the 
north and east. There was the same absence of streams and 
irregular grouping of hills. Probably heavy morainic belts 
crossed the area but these have since been cut away beyond 
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recognition, ‘unless indeed the great Mississippi-Missouri 
divide be the much eroded remnant of such amaster morainic 
belt. There is much evidence in favor of such a hypothesis 
since wells along this divide go down deep into drift and only 
occasionally strike rock at levels higher than the surrounding 
plain. At Arcadia the sandstone of the Cretaceous was 
struck at a depth of 130 feet in the creamery well, or at an 
altitude of 1,290 feet. This is about 150 feet above the level 
of the rock surface in the vicinity of Coon Rapids. At Ode- 
bolt wells are driven more than 350 feet in the drift, which 
- would place the rock surface at about 1,100 feet, or a little 
below that, at Coon Rapids. At Adair the wells are very 
deep and in the drift. In southern Madison and northern 
Union county the divide represents an accumulation of drift 
250 to 300 feet thick over a fairly uniform surface of rock. 
All these facts points to the hypothesis that the divide did 
not exist, at least as at present outlined, in pre-Kansan times, 
and probably originated as a great morainic belt. There is, 
_‘however, nothing morainic in its present appearance, nor 
indeed in the surface of the Kansan, anywhere in the region. 

The Kansan drift is a typical. bowlder clay. It shows all 
the marks which are so characteristic of ice deposition as 
contrasted with water work. Material of all sizes is hetero- 
geneously mixed together. The sorting out of fine and coarse, 
which everywhere marks water work, is altogether lacking. 
Fine clay, sand, pebbles and large bowlders are all kneaded | 
together in one mass. The heterogeneity in size is matched 
by a similar heterogeneity of material. Amid abundant bits 
of rock derived from the formations of the immediate vicinity 
are pieces of clear quartz, of pink quartzite, gray and red 
granites, diorites, traps, and other greenstones, whose nearest 
outerops are miles to the north. This northern material, 
picked up and frozen into the ice, has been shoved to the 
south and mixed with bits of chalk rock, sandstone, conglom- 
erate and shale derived from the Cretaceous. A matrix for 
eoarser material has been formed from finely ground rock 
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dust, rubbed off the surface rocks by the rock-studded ice. 
In its original condition this bowlder clay is drab to blue in 
color. Such a color is occasionally seen in the deeper rail- 
way cuts or in wells or in excavations. As ordinarily exposed 
this blue has given place to various tones of yellow, or even 
red and brown. The change is due to the oxidation of the 
- iron disseminated through the clay, whereby it is changed 
from the blue carbonate and ferrus salts to the yellow or 
brown or red oxides. Frequently an exposure of the blue 
bowlder clay will show a series of interesting joints and cracks 
stained yellow to a distance of half or three-quarters of an 
inch from their walls. This change is the same as that noted 
on a larger scale where the upper portion of the drift is 
yellow and the lower is blue. Both phenomena point to an 
exposure to atmospheric agencies for a considerable time. 
As has already been stated, the large erosion and the com- 
plete development of the drainage system point in the same 
direction. In southern Iowa, where the Kansan is more 
characteristically displayed, there are certain other phenom- 
ena which mark this drift and which aid in its recognition. 
For reasons to be discussed later, some of these phenomena 
are but imperfectly developed in Carroll county, and their 
absence has caused some confusion to creep into the subject. 

The exposures in southern Iowa usually show, in addition 
to the erosion and genera] change of color toward the surface, 
a corresponding decrease in lime and increase in rotted bowl- 
ders with the almost invariable development of what is called 
the ferretto* and the occasional presence of a forest bed or 
series of water-laid deposits between the drift and the loess. 
Of these phenomena the absence of lime and presence of fer- 
retto are most widespread and most easily recognized. 

The drift is very largely made up of mechanically prepared 
material. The finer parts consist of broken and finely ground 
rock. Inasmuch as the glaciers passed over vast areas of 
limestone, a fresh drift normally carries large quantities of 


*Proc. Iowa Acad. Sci., vol. V, p. 90 
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crushed limestone. This, when touched by any of the com- 
moner acids, has the property of effervescing. When lime- 
stone is exposed to weathering agencies the soluble material 
is carried off and that which remains is unacted on by ordi- 
nary acids.. When a fresh drift containing small bits of lime- 
stone is exposed for a long time to weathering agencies, the 
same process takes place. After a time all the soluble part 
of the limestone particles is carried away, and the drift shows 
no reaction to the acid. It is thus possible, normally, to dis- 
tirguish between an old, long exposed drift and a fresh one, 
and in southern lowa it has been found that before the loess 
was laid down the Kansan drift was so long exposed to the 
agencies of solution that there is no reaction to the acid at 
its upper surface and only a feeble reaction to depths of five 
to nine feet below. On the other hand the younger drift 
sheets, with the rarest exception, show an effervescence up 
to the very grass roots. 

Practically all rocks carry a greater or less percentage of 
iron. The amount while small, is usually the determining 
factor in the matter of color. As commonly found in the 
rocks, iron exists in four forms; the carbonate (Fe CO; = Fe 
48.27%), which affects various shades of blue; limonite (Fe, O; 
H, O—Fe 59.89%) and the various earthy ochres which vary 
in shade from yellow to brown; hematite (Fe, O3;— Fe 70%) 
which, in the pulverized form, is red, and magnetite (Fe3 O, 
—Fe 72%), which is black. Magnetite is rarely an important 
constituent of sedimentary, though common in the igneous 
and metamorphic rocks. As will be seen from the chemical 
formulas the carbonate contains no oxide proper. If a rock 
_ whose color is determined by the iron content be subjected 
to oxidation, the color will pass progressively from drab or 
blue through yellow and brown to red. The latter color is 
the indicating mark of a high stage of oxidation. 

Oxygen is one of the most active chemicals in the air and 
oxidation is one of the most widespread and prevalent pro- 
cesses to which rocks are subjected in weathering. In drift- 
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less areas, where the soil has been formed by the slow 
weathering away of the rocks, red soils are common. In the 
driftless area of Iowa and adjacent states the hard, blue lime- 
stones and dolomites of the Paleozoic have been leached and 
oxidized till a sticky, red clay called geest, alone remains. In 
many of the southern states, beyond the limits of glacial 
action, red soils of this genesis are common. 

When drift is exposed to atmospheric agencies the processes 
of weathering are closely akin to those which take place in 
the weathering of ordinary rocks. The chemical activities 
are relatively more intense, as the material is already broken 
up, and there is no need to wait for the slow processes of frost 
action to shatter the rock. The finely comminuted rock flour 
is at once attacked by chemical agents, and decalcification, 
oxidation and ferrugination at once setin. Old drifts accord- 
ingly soon became highly oxidized. The iron assumes a deep 
brown to red color. 'This color is less and less intense from 
the surface downward. The iron segregates and, to a cer- 
tain extent, sometimes cements the soil. This dark, iron- 
stained and highly oxidized band at the surface of the drift is 
what is called the ferretto. In southern Iowa it is wide- 
spread below the loess and at the surface of the drift, and can 
only be interpreted as indicating a considerable period of 
weathering between the deposition of the two. ae, 

The oxidation which produces the ferretto leads also to the 
_ breaking down of the bowlders at the old drift surface. It is 

' avery usual thing to find the granites and other crystalline 
rocks, which at some depth in the drift are freshand hard, 
thoroughly disintegrated at the contact between the Kansan 
and the loess. Often they may be crushed between the 
fingers. It is not very unusual to find rotted bowlders in any 
portion of the older drift, as would be expected from the fact 
that the older drift sheets had much rotted material to work 
with. But it is frequently possible to prove that the disin- 
tegration of the bowlders at the surface of the drift took 


place after they had been shaped by the ice, and furthermore 
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the number of rotted bowlders usually increases with the 
nearness to the surface. Accordingly this phenomenon 
accords with the decalcification and the’ development of fer- 
retto in indicating a period of considerable exposure to 
weathering agencies. 

In the study of Polk,* Dallas and Guthrie counties, it was 
found that the Wisconsin drift rested not on the next younger, 
Iowan, drift,t but upon the Kansan. In the northwestern 
part of Iowa there is, outside the limits of the Wisconsin, a 
drift sheet which has been provisionally correlated with the 
Iowan.{ As the exact southern limit of this younger drift is 
as yet unknown it was necessary in taking up the work in 
Carroll county to keep in mind the hypothesis that the drift 
outside the moraine might be either Kansan, Iowan, or both. 
In the preliminary work some of it was assigned to the Iowan. | 
The later studies have failed to confirm this correlation. 

There are excellent exposures of the extra-morainic drift in 
the railway cuts along the Chicago, Milwaukee & St. Paul 
railway and the Chicago & North-Western line from Carroll 
to Manning. There is also a cut of interest at Arcadia, on 
the main line of the latter road. Along the streams the 
exposures show the drift in two facies, one, the normal Kan- 
san exposure, showing ferretto, leaching, rotted bowlders, 
etc., and the other an abnormal type in which these phenom- 
ena are lacking. Selected outcrops of these two types are 
noted on the map in order to indicate their distribution. No 
attempt has been made to map every outcrop. The universal 
presence of the loess, often in great thickness, and the fact 
that the bulk of the erosion was earlier than that deposit, 
makes exposures relatively rare. This is especially true in 
the northwestern portion of the county where the streams 
are small and scattered, and there are no deep railway cuts. 


*Ilowa Geol. Surv., vol. VI, pp 433-476. 

+See paper just cited with Geol. Johnson County ; Ibid, vol. VII, 86-91; Cerro Gordo County, 
174-176; Proc. lowa Acad. Sci, vol. V, pp. 64-104. 

tIlowa Geol. Surv., vol. VIL, p. 20; [bid, vol. VILI, p. 28, pp. 335-351. 
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South and west of Coon Rapids exposures of the ordinary 
type of Kansan are frequent. The ferretto, rotten bowlders, 
and leached drift appear immediately below the loess at 
numerous points, both in Guthrie and Carroll counties. In 
the first deep railway cut east of Dedham (Sec. 16, Newton 
Tp.) the leaching has been carried to a depth of five feet and 
the ferretto is sixteen to eighteen inches in thickness. West 
of this point to Manning the exposures show only the 
abnormal facies or imperfectly developed ferretto; except 
in a small exposure near milepost 413 (Se. qr., Sec. 11, War- 
ren T'p.). This exposure is well up on the divide, back a 
little from its edge (144 A. T.). Itis near exposures of the 
unleached till. The section shown is sketched below. | 


Fic. 5. Old svil east of Manning. Loess, 3, over soil, 2, which in turn lies on drift, 1. 


The loess is quite the usual type, mantles the hill in ordi- 
nary fashion, and is about six feet thick at the crest. The 
old soil is a sandy, black material, resembling in some partic- 
ulars certain phases of the white clays, but. with abundant 
humus mixed with the rock material. It is about eighteen 
inches to ten feet thick. Below it the drift is only shown to 
a corresponding depth, but it is thoroughly leached and iron 
stained, a typical ferretto zone. West of Manning, between 
that place and Manilla, the drift is deeply stained, and near 
Aspinwall there are exposures showing a good ferretto. In 
the southwestern part of Manning and in the hills south of 
town the Kansan shows the high color indicative of iron stain- 
ing. 

From Dedham north to Carroll exposures of leached till are — 
frequent and ferretto is found widely. In the northwest 
quarter of section 36, Carroll township, for example, the drift 
is leached to a depth of five feet, and the ferretto is fairly 


KANSAN DRIFT. 83 


well developed. Along the main road west from Carroll fer- 
retto is seen at several points. In the railway cut immedi- 
ately east of Arcadia, a little over one foot of ferretto is 
developed at the contact between the loess and the drift. 
In the southeast corner of Wheatland township the drift 
shows below the loess. It is reddish-yellow and has been 
leached. No great thickness of the drift is exposed here, but 
that present seems sufficient to fix the age of the deposit.. 
The exposure is the more interesting because it is the farthest 
north of any in the county where the pernothe has been recog- 
nized. 

The abnormal phase of the Kansan is not exposed in the 
extreme southeastern part of the county. In the northwest 
and southwest, however, the exposures of unleached till 
probably outnumber those that are leached. An excellent 
example of this drift may be seen in a group of exposures in 
some Pemitts cuts about two miles southwest of Carroll (Sw. 
ae, Sec. 22; Nw. 4, Sec. 27; Ne. 4, Sec. 28; Se. 4, same; Sw. 

, See. 33, Carroll Tp. ) The exposures: extend from where 
ap railway first cuts into the hills to within about a mile of. 
Halbur. The ordinary exposure is as sketched below. The 


Fia. 6. Loess’ over Kansan drift. 


drift is a yellow bowlder clay rising fifteen to twenty feet 
above the railway track. It is full of pebbles and bowlders 
up to a foot in diameter. Granites are common and there are 
a good many rotted bowlders, though the latter do not seem 
much more abundant at the top than the bottom. ‘There are 
joint cracks in the clay, which are stained a deep orange color 
and yet react to the acid. There is no ferretto and the drift 
usually effervesces up to the contact with the loess. In no 
ease is the drift leached to a depth of more than six inches, 
except in the southwest quarter of section 33, where, in 
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between two exposures of the type described, is one showing 
leached drift and a ferretto zone. In section 27 the loess 
does not show lime concretions and gives usually but a feeble 
reaction to the acid. It rarely extends over the crests of the 
drift. exposures in any thickness, being usually less than three 
feet deep at such points, though there may be as much as 
eight feet on the flanks of the hills. Further south the loess 
thickens and becomes calcareous. 

The non-caleareous, fresh looking drift is exposed at 
intervals along the railway to Manning, and from there east 
to Dedham. In the southeast quarter of section 15, Warren 
township, a cut shows ten feet of unleached and unstained 
drift below six feet of loess. In the southeast quarter of sec- 
tion 11, near the exposure of old soil already mentioned, 
twelve to fifteen feet of the unleached till, covered as usual 
_ by the loess, is exposed. On the township line (Se. qr. Sec. 
12) the calcareous drift again shows and there are more 
exposures between Templeton and Dedham. 

In the northwestern part of the county there are several 
good exposures of the calcareous drift. In the northwest 
quarter of section 36 of Wheatland township, about forty feet 
of the drift is exposed. It is very light colored and shows no 
staining at all. The erosion here is very active and the 
stream gorges quite sharp. About two miles south of Breda 
(Ne. of Se. Sec. 24, Wheatland) about twenty to thirty feet of 
fresh looking calcareous drift shows below loess of the usual 
aspect. The drift is light buff, carries many granites, shows 
no ferretto and reacts to the acid up to the loess contact. At 
one point in the drift there is a considerable patch of orange- 
colored sand, but not much of the material is seen. In the 
northwest quarter of section 9, of the same township, there is 
a small drift exposure on Beaman creek. The drift is yellow, 
effervesces freely and shows no ferretto, though the exposure 
is poor and it can not be certain that the original upper sur- 
face of the drift is exposed. 
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The exposures specifically noted, and others located upon 
the map, indicate sufficiently how intimately the two phases 
of the drift are inter-related. Excepting these in Wheatland 
township as possible examples of Wisconsin buried beneath 
wind-drifted loess, though this is not believed to be their 
explanation, the whole series belongs together. The most 
eareful search in the field has so far failed to reveal any divid- 
ing line either vertical or horizontal. If there were two 
drift sheets in the region, one fresh and unleached and the 
other old and ferretto-covered, the younger drift could hardly 
have the patchy geographical distribution necessitated by 
the facts in the present case, except upon the hypothesis of 
its being thin and much eroded. Single exposures of more 
than thirty feet are, however, known and there is no evidence 
whatever that it has been eroded. No cases of super-position 
have been detected nor are there forest beds, buried loess 
sheets or other evidences of an interglacial period. Both 
sorts of drift have exactly the same relations to the loess, 
which in turn shows no evidence of being anything except a 
homogeneous deposit. Except ‘that Wheatland township 
seems less eroded than the others, a fact explained by its 
position far from large streams, there is no apparent evidence 
in the topography of difference in the age of the various parts 
of the region. Accordingly, the two sorts of drift are believed 
to represent but differing phases of the Kansan. The 
unleached drift resembles closely the Kansan usually found 
five to ten feet below the base of the ferretto. Itisasifa 
portion of the Kansan had been in places eroded, and that, in 
short, is believed to be the correct explanation of the phe- 
nomena. Se oe 

It is obvious that the presence of the lime in the drift 
depends upon its original abundance and the degree to which 
it has been carried away. The former is wholly independent 
of the time the drift has been exposed, and the latter may or 
may not vary with the time, but, in the absence of specific 
evidence to the contrary, it may be fairly assumed to be 
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dependent on that factor. All the drift sheets of Iowa carry, 
when unaltered, enough lime to make the acid test a valuable 
one. The presence or absence of lime, then, in the upper 
portion may, unless good evidence of its exceptional nature 
be offered, be considered to indicate the amount of exposure 
which the drift has suffered. The amount of lime leached 
from a calcareous drift will depend upon the strength of the 
solvent and the amount passing through the drift in a given 
time. It will also depend upon the direction which the per- 
colating waters take. In an arid region the excessive evapo- 
_ ration may locally cause the flow uf ground water upward and 
lead to the deposition of soluble salts in the upper portion of 
the soil. This factor can, however, hardly be important in 
the present case. There is no reason to believe that the 
water soaking into the ground in one part of Iowa varies 
greatly in solvent power as compared with that in any other 
part, when considerable districts are considered. There are, 
of course, wide differences in detailed areas, but in general 
the rain water, which is the original source of the under- 
ground circulation, seems as likely to become charged with 
humus and other acids at one point as another. It is true, 
however, that the amount of water entering the ground varies 
widely. There are considerable differences in the rainfall in 
different part of the state, the variation in 1894 being from 
15.65 inches to 27.57. In the northwest it ran from 15 to 20 
inches, and in the southeast from 20 to 25, with areas run- 
ning from 25 to 30.* The run-off also varies widely. There 
are no data relative to lowa streams, but it is well known 
that the run-off is proportional to the character of the sur- 
face, the slope and the time distribution of the rainfall. It is 
greater in an area with a non- -absorbent surface, on greater 
slopes, and when the rainfall is bunched. In the present case 
the surface of the Kansan drift seems not to vary in any 
systematic way with relation to its capacity to absorb water. 
The rainfall in Carroll county is Dee as evenly distributed - 


*Rept. Iowa Weather and Orop Service, 1894, p. 52. 
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as in other parts of the state. There are, however, con- 
siderable differences in slope. It is to be remembered that 
the region represents the high upland between the Mississippi 
and the Missouri. The railway grades across the country 
are heavy, and the stream grades are even greater. The 
drainage consists of the headwater portions of the streams 
only, and the water reaches them by running over the steep 
surface slopes rather than through the ground. Springs in 
the southwestern part of the county are almost unknown and 
seepage is rare. The whole series of evidences indicate that 
the water passes over, rather than through, the drift, and 
hence that solution is relatively slight. This seems to be one 
of the important factors in the failure of the leaching tests. 

When the grades are high and the amount of surface water 
notably in excess, it must be obvious that erosion will be very 
active. This will be as true of the slower and less easily 
noticed surface erosion of the interstream areas as of the 
direct corrasion of the streams. It has already been suggested | 
that stream action in the region is intense. It is also true 
that the erosion of the general surface is much greater than 
on the low, wide divides further south. The relations of the 
loess to the river valleys indicate that the latter occupied 
approximately the same position in the interval between the 
Kansan and the loess that they do now, so that erosion was 
probably, at least, as active then as now. This is probably 
the main explanation of the absence of the ferretto and leached 
drift in the region under discussion. Aside from the fact that 
there may have been less leaching here than in lower lying 
regions, the active erosion by which the stained and leached 
material has been carried away as fast as formed, is probably 
the main factor in the explanation. In very many instances 
where the more weathered portion of the Kansan is absent, 
the field evidence shows that its absence is probably due to 
the local intensity of erosion. The fact that erosion over a 
general surface presents the widest variation in intensity and 
effect from point to point, is not perhaps always appreciated 
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as thoroughly as it should be. A difference of five to ten feet 
in the amount of erosion on neighboring swells and divides is 
not unusual, but where the uppermost stratum happens to be 
so strongly marked as is the ferretto zone, the effects of this 
difference become very striking. On high land much eut up 
by streams, erosion is very active, and it seems reasonable to 
believe that these minor differences from point to point would 
be correspondingly magnified. These very conditions prevail 
now over most of the territory in question, and the stream 
history of the region, so far as it can be read, indicates that 
conditions were not greatly different before the loess was laid 
down. : 

The high divide in Madison and Union counties between 
Clanteen creek and Grand river shows a corresponding local 
variation in the amount of erosion. At numerous points the 
yellow, unleached drift of the Kansan is exposed at the sur- 
face in the heart of a region where leached drift and ferretto 
are widespread. In this case the erosion, since the exposures 
are loess covered, seems to be recent. In the case of the 
Carroll county outcrops the ercsion would be mainly pre- 
loessial. 

No attempt can be made here to fix the age of the extra- 
morainic and fresh looking drift found in the counties to the 
north. The work of the present field season has shown that 
the reference of this drift to the Iowan is probably wrong. 
The work in Carroll county has shown that there is no danger 
of confusing certain phases of the Kansan with the later 
drifts. It is possible that'a limited extent of the northwestern 
part of Carroll county is covered by the later drift. The 
exposures are few, and such as are found are of the equivocal 
type. There are, however, no marked border phenomena, 
such as elsewhere denote the limits of a drift sheet, and the 
possibility of a later extra-morainic drift within the limits of 
the county is believed to be remote. Until, however, the 
counties to the north be studied in more detail than has so 
far been possible the absence of such later drift cannot be 
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positively affirmed. It may be said, however, that so far no 
extra-morainic drift is known in Carroll county which is not 
known to be Kansan, or which might not readily be assigned 
to that formation. 

It is interesting to note that up to the present no traces 
have been found in this county of any drift older than the 
Kansan. The pre-Kansan, which is occasionally found in 
other parts of the state,* is not known. to occur here, though 
it probably at one time covered the county. <A fuller study 
of well records than has yet been possible would not unlikély 
show its presence. 
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Outside the area covered by the Wisconsin drift, and to a 
limited extent along the border of the latter, the surface 
formation is the loess. This is, as developed here, a buff, 
pebbleless clay, friable, and of limited plasticity. It is inter- 
mediate in character between the dust-like and highly absorb- 
ent type of loess developed along’ the Missouri river and 
formerly known as the Bluff depositt and the, very plastic, 
argillaceous, gray to white surface clay common in southern 
Iowa, northern Missouri and parts of Illinois, Indiana, and 
Ohio, and called by Leverett the White Clay.{ The loess in 
Carroll county takes the usual sheet form, spreading over 
the drift as an irregular but usually thin mantle. It is not 
sufficiently thick to develop its own peculiar type of topogra- 
phy. It conforms everywhere to the inequalities in the sur- 
face of the Kansan drift, and exposures of the latter occur 
only when it has been cut through by recent erosion. 

The relations to the Wisconsin drift are at first glance 
a little confusing. Near Coon Rapids the loess passes directly 
under the latter. There are two exposures near town which 
show this feature. One of these exposures is in a deep rail- 


*Proc. lowa Acad. Sci., vol. IV, pp. 54-66; vol. V, pp. 86-101, 

+Swallow: Geol. Surv., Missouri, 1855, pp. 59-76. White: Geol. Iowa, vol. I, pp. 103-109. 
1870. 

tLeverett: Amer, Geol., vol. X, pp. 18-24. 
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way cut about one mile east of the station. The surface 
around the cut shows the usual saucer topography character- 
istic of the Wisconsin drift plain, and the sides of the cut 
show the usual Wisconsin drift with a buff color, numerous 
pebbles and occasional lime balls. Below the drift and rising 
about two feet above the track is the loess. It is of the same 
type as is found west of town, and is unfossiliferous. In gen- 
eral appearance it closely resembles the matrix of the Wiscon- 
sin drift, but prolonged digging failed to show any pebbles in 
‘it. The Wisconsin is in this region made up largely of worked- 
over loess, but the loess seen in the cut is believed to be 
undisturbed. The exposure is about a half mile back from 
the edge of the Wisconsin drift. ) 

The second exposure is about a mile south of town, near 
where the main wagon road crosses the river. The hills on 
the east side of the river are capped by a series of little grav- 
elly knolls, such as form part of the gravel apron fronting 
the Wisconsin. Back of these knolls is the moraine and the 
regular bowlder clay. The slope toward the river shows the 
usual loess overlying the Kansan drift, so that the ice itself 
evidently failed here to reach the valley, though the outwash 
spread over the flanking hills. 

In the northwestern part of the city of Carroll the same 
relations may be observed, though the exposures are not so 
satisfactory. The hill upon which the hospital stands is made 
up of ordinary Wisconsin drift and shows the usual surface 
bowlders. The next hill west is heavily coated with loess, 
which was at one time used for brick making. Traveling 
north on the road, in the northwest quarter of section 24, Car- 
roll township, the loess is seen passing up the slope to the 
north line of the section. Soon a few pebbles are discovered 
on the slope. These become more common until a well 
exposed bowlder clay is found, from which the pebbles have 
evidently washed and rolled down over the loess. A good 
contact could not be found here, but the whole of the evidence 
seemed to indicate that this exposure falls in with those 
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observed near Coon Rapids, and that the relations are the 
same as those observed in Polk”, Guthriet and Dallast coun- 
ties, where the loess passes well under the edge of the Wis- 
consin. Doctor Beyer’s observations in Story county, detailed 
inthis volume, greatly strengthen this hypothesis; so much, 
in fact, that the general matter may fairly be considered to 
have passed out of the realm of hypothesis into that of 
demonstrated fact. 

North and west of Carroll the loess occasionally laps up 
over the edge of the Wisconsin for a short distance. This is 
true about the middle of the west line of section 29, Kniest 
township. At this point about twelve inches of loess covers 
the outer face of the moraine. In the southern part of sec- 
tion 29 of the same township, loess two feet thick is found 
overlying drift which can hardly be anything but Wisconsin. 
Upham mentions cases where as much as tén to twelve feet 
of loess is found mantling the morainic hills.§ No such 


thickness was observed in the present work, though hills of » 


loess-covered Kansan were found among the morainic knobs. 
In every case examined by the writer where undoubted Wis- 
consin is covered by loess the latter is very thin and the 
situation is such as to invite the hypothesis that the wind 
has blown the loess from the west up onto the outer slopes 
‘of the morainic hills. It is believed that in Carroll county, 
as farther south, the loess is distinctly older than.the Wis- 
consin and usually runs under the latter. 

The age of the loess can not be positively fixed. In eastern 
Iowa, | and the same is true in Illinois, the bulk of the loess 
seems to have been deposited contemporaneously with the 
maximum advance of the Iowan ice. The loess in Polk, 
Dallas and Guthrie counties has been considered to fall in the 
same category.’ There is no observable break between the 
loess of Guthrie and Carroll counties, and the natural refer- 


*Iowa Geol. Surv., vol. VII, 340-343. 

+I bid, 463-466. 

+Ibid, vol. VI, 433-476. 

§lowa Geol. Surv., vol. VII, pp. 88-90. 

lGeol. Nat. Hist. Surv., Minnesota, 1880, p. 309. 
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ence for the latter would likewise be to the Iowan. It is 
known, however, that loess in northwestern Iowa probably 
belongs to more than one geological epoch,* and Professor 
Macbride’s observations in Humboldt county+ make it con- 
clusive that the Iowan did not cover the region immediately 
north of Carroll county as has heretofore been believed. The 
correlation of this loess with the Lowan drift is accordingly 
open to considerable doubt. While it remains true that its 
most probable age is Iowan it can be assigned only to that 
period tentatively. | | 

| THE WISCONSIN DRIFT. 


The northeastern portion of Carroll county lies within the 
limits of the Des Moines lobe of the Wisconsin drift. This 
lobe marks out the territory occupied by a long tongue of ice 
which crossed the north state line between Clear Lake and 
Spirit Lake, and covered all the territory south to its apex at 
Des Moines. This was the last ice sheet which entered Iowa. 


Fia@. 7. Morainic hill in northwestern part of Carroll, 


It occupied the territory at a time geologically very recent; 
measured, probably, by a few thousand years. The evidences 


*Geol. Plymouth County, Iowa Geol. Surv., vol. VIII, pp 339-340. 
+tIn this volume, 
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of the recency of this invasion are mainly 'to be found in the 
‘topographic peculiarities of the region already discussed. The’ 
. drift itself is also of the fresh type. It has a gray to light 
buff color, and does not show the deep orange, brown and red 


Fic. 8. Oretaceous clays in Wisconsia drifs abov2 ths dam at Coon Rupids. 


colors,. which have been shown to be characteristic of the 
older drift sheets. It is wholly unleached, and the pebbles 
and bowlders found in it are usually hard and unweathered. 
The surface of the country is plentifully sprinkled with the 
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large surface bowlders commonly referred to as niggerheads. 
These are so widespread as to be everywhere observable, and 
so frequent as to be an occasional hindrance to agriculture. 
The farmers gather them up in great ridges along the fences, 
or bury them where they lie in the field. These surface bowl- 
ders are mainly granite, and several types are found. Lime- 
stones also contribute a notable percentage to the lot, and in 
early days the surface hmestone bowlders were occasionally 
burned to lime. 

The matrix of the till consists mainly of loess which has 
been picked up by the glacier and réworked.. Pebbles, bowl- 
ders, sand and clay have been kneaded into it. Figure 8 
illustrates how great masses of Cretaceous clay and other 
materials have been mixed together. The preponderance of 
the loess material, however, is sufficient to give the bowlder 


clay a buff color, and it is believed that the latter is due more © 


to this cause than to any alteration in the iron content since 
the drift was laid down. The Wisconsin drift is usually asso- 
ciated with gravel and coarse sand deposits,* and this char- 
acteristic is well developed in the area under discussion. Sur- 
face knolls of gravel are common throughout the inter- 
morainic area. They are especially characteristic features 
of the broad bottom land followed by the Middle Raccoon 
river for some five miles,east of Carroll, and can be easily 
recognized by passengers on the railway. Near Glidden and 
at various points throughout the region they occur. 

South of Benan (Se. qr., Sec. 3, Glidden Tp.) there is a 
group of gravel hills cut through by the river. These hills 
rise 130 feet above the river and project forty feet: above the 
surrounding country. They are clearly constructional in 
form and may be referred to the type known as kames.t 


*Geol. Wisconsin, vol. I, 284, 1843; lowa Geol. Surv., vol. VI, pp. 442-443. 1897. 
+Chamberlin: Third Ann. Rept. U.S. Geol. Surv., p. 300 
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On the river here, there are a series of terraces as sketched 
below. These aré gravel terraces of aggradation and seem 


Fie. 9. Terraces on the North Raccoon at Benan. 


to be gravel trains. They are probably to be correlated with 
some temporary halt of the ice in retreat, at some point a few 
miles above Benan. They do not extend down the river as 
far as the east county line, as the valley at that point shows | 
no sign of them. Their regular form differentiates them from 
the gravel patches found throughout the vicinity and to 
which category the gravel on Purgatory creek belongs. 

Along the Middle Raccoon river gravels are developed 
wherever the valley has been influenced by the ice. The 
river cuts through the moraine in sectiun-26 of Pleasant Val- 
ley township and-runs outside to section 1 of Newton town- 
‘ship. This portion of the valley seems to have been ponded 
by the ice and formed a temporary lake. While in this con- 
dition it was filled up with gravel to a level sixteen feet above 
the present stream. Into this gravel the river has since cut 
till the old filling is represented now by remnants of a fring- 
ing terrace. At Coon Rapids, where the drainage of the ice 
was turned into the valley of the small stream coming from 
the west, a gravel terrace was formed, and the main part of 
the town is located on this terrace. Patenes of the same 
terrace can be found along the river valley for some miles 
south of town. The terrace at its upper end rises fifty feet 
above the river, but to the south it declines until it eventually 
reaches the level of the flood-plain. This indicates that the 
terrace was produced by material supplied from an ice front 
above, rather than by ice damming it below. Most of the 
‘material of the gravels is hard and fresh, but some is rotted, 
and occasionally there are streaks which are iron-stained. A 


\ 
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section taken on the north side of the railway pit at Coon 
Rapids showed the following beds: : 


INCHES. 
4. Stripping-loam, brown to black, with a few scattered 
Pebbles y Aorist ome ces ot oaks erate De sees eee ea ees 6-30 
3. Gravel, stained, much rotted material, te lim- 
1Gea WEkO We Nereis sire os oe eons arate een peer ua cean any horas 12 
2. Gravel, coarse, irregularly colored and bedded...... 60 
1. Gravel, fine, worked further south in the pit........ 12+ 


The layer of iron-stained and rotted gravel (No. 3) suggests 
_a weathered zone akin to the ferretto, but the fact that it is 
so sharply limited below sets it off from this class of phenom- 
ena. It is probably a local accident of bedding. The weath- 
ered material is almost exclusively a coarse grained, mica- 
ceous granite or some other micaceous rock. One enumera- 
tion of weathered bowlders gave the following results: gran- 
ite, 15; mica schist, 1; greenstones, 2; limestone, 1. It seems 
that the weathering is due more to the presence of easily 
decomposed minerals than to the position of the materials. 


At first glance the gravels seem to contain a great pre- 
ponderance of granitic material, and this is true if attention 
is directed to the larger sizes. An enumeration, however, of 
all the pebbles more than a half inch in diameter in a certain 
surface gave the following results: 


. Limestone. Granite. Greenstone. Quartzite. Miscel 
Pir GST sire.t tess ots steele rars teeta 15 18 38. - 5 4 
Weathered :sveas on nth eee 0 8 4 a) 0 


The granitic appearance of the gravels is accordingly due 
to the fact that the basic rocks and the limestones have been 
more broken up. Altogether, some seventeen varieties of 
pebbles are fairly common in the gravel. These varieties 
include diorite, slate, greenstone, amygaloid, fine grained 
trap, mica schist, white quartzite, pink and clear quartz, black 
and white chert, limestone, Cretaceous conglomerate, limon- 
ite and a bit of taconyte, the rock associated with the iron 
ores of the Lake Superior region. 

The gravel shows east of the river, where the railway cut 
erosses the little side lobes of the hills. It soon gives place to 
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the unassorted material of the bowlder clay. The latter con- 
tains much the same pebbles which are common in the gravel. 
The bowlder clay, except where patches of gravel occur, forms 
the surface material throughout the northeastern portion of 
the county. The stream cuts into it, and in the morainic area 
it is heaped up into the irregular hills and knobs character 
istic of moraines. Elsewhere it spreads out into the gently 
swelling drift plains. 


ECONOMIC PRODUCTS. 
COAL, 


Carroll county les within the limits of the Western Interior 
coal field, though it is west of the portion which in Iowa has 
been shown to be productive. The nearest mines have been 
located near Grand Junction and Rippey in Greene county, and 
along the Middle Raccoon in Guthrie county. The coal mined 
at Grand Junction lies at an altitude of about 1,000 feet. The 
coal mined near Fanslers would be at about the same altitude. 
If there were no dip to the west, and a slight one must be 
allowed for, this would still be a considerable distance below 
the lowest point in the county. : 

As has already been stated, the coal measures in Carroll 
county are covered not only by the drift but by the Cretaceous 
beds. The full thickness of the latter is not exposed at any 
point in the county and may be expected to be somewhat 
irregular since the Cretaceous is uncomformable, not only 
with the drift above, but with the coal measures below. As 
shown southeast of Coon Rapids, on the Middle Raccoon, the 
beds have a thickness of about one hundred feet. This may 
be assumed to represent the average thickness for the eastern 

‘portion of the county. In the western portion the sandstone 
rises, in points at least, to 1,300 feet above tide, and probably 
is accordingly, 100 feet or more thicker. The drift in the 
region varies from nothing to as much as 516 feet. The 
maximum thickness of drift is not, however, found at the 
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same point with the maximum thickness of Cretaceous, and 
in general, the drift may be assumed to be from 100 to 200 
feet in thickness. It will vary between wider limits but the 
larger portion of the area would probably show rock at that 
depth. It is obvious that in any prospecting for coal in this 
region it is desirable to stick to the lowlands so as to avoid, 
as much as possible, drilling through the drift. Coon Rapids, 
in the southeastern portion of the county, lies on a terrace at 
1,173 feet above tide. The river itself has cut to about 1,118 
feet. This is believed to be about the lowest point in the 
county. Allowing fifty feet for the dip, the horizons which 
carry coal to the east should occur at a depth of about 170 
feet below water level at Coon Rapids, or 200 to 225 below 
the bottom land of the Coon river. 

_ As has already been stated, the Cretaceous sandstone rests 
uncomformably upon the coal measures. The latter were 
exposed to erosion and their surface was cut up by streams 
before the later beds were laid down over them. The thick. 
ness of sandstone to be penetrated will accordingly vary from 
point to point. At the one outcrop already described the 
_ drill would at once go into the coal measures. The upper 

portion of the coal measures is, however, but sparingly pro- 
ductive, and it would in all probability be necessary to go at 
least to the horizon already mentioned as productive at Grand 
Junction and Dawson, in order to obtain coal. Coal may be 
encountered at any point in the coal measures, but the chances 
of thick beds increase toward the bottom. The base of the 
coal measures here would probably lie at from 550 to 600 feet 
above sea level, so that there is, in Carroll county, a con- 
siderable thickness of strata suitable for exploration with the 
drill. | 

The question whether or not the coal horizons which run 
under Carroll couuty would prove productive, isa difficult one, 
and one that can only finally be settled by the drill. There 
‘are in this region no surface indications of value whatever. 
With the exception of the outerop of presumably Carbonifer- 
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ous limestone, all the rock exposed in the county is much later 
than the coal measures and wholly unrelated to them. The 
sandstone outcrops afford no basis whatever for the local 
belief that they indicate coal. The whole question is one 
which can be answered by systematic drilling, and by that 

alone. There are, however, certain indications of interest. 
It is well known that with certain rare exception, the indi- 
vidual coal beds of Iowa do not have any great lateral extent. 
They pinch out from point to point, thicken and thin, pass 
over low rolls and are cut out by sandstone and shale. It has 
so far been impossible to construct a detailed vertical section 
of the measures that could lay claim to be of more than local 
value. While, however, the coal beds are not usually persist- 
ent, there are certain horizons which have usually proven 
productive, and which may be recognized over a considerable 
area. For example, the coal mainly worked in Keokuk, 
Mahaska, Wapello, Monroe and Lucas counties occurs at 
‘about the same stratigraphic horizon. The coal is not con- 
tinuous from point to point and only perhaps 12 to 15 per cent 
of the entire area carries coal in workable thickness. Yet 
the horizon shows more or less coal for a distance of at least 
sixty miles back from its outcrop, and it is about as rich at its 
western known limits as at its eastern. How far under cover 
of the upper coal measures it will prove productive cannot 
yet be stated, but there is reason to believe that at least some 
of the area will show coal of merchantable thickness. This 
Wapello horizon, as it has been called, is the best known coal 
horizon in Iowa. It has furnished more coal and has been 
more extensively prospected than any other. It is probable 
that it is more extensive than many of the other horizons, but, 
none the less, its richness for a distance of at least sixty 
miles down the dip is of suggestive interest in connection 
with the probabilities of coal in Carroll county. Coal has 
been mined and is, in fact, now being mined within twenty- 
five miles east of the county line. The presence within the 
county of an exposure of the Raccoon river beds of the coal 
9 G Rep 
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measures Shows that the latter have not been cut out by the 
erosion which intervened between the Carboniferous and the 
Cretaceous. It is, accordingly, altogether probable that 
workable coal beds underlie at least the eastern part of Car- 
roll county. The commercial question resolves itself, accord- 
ingly, into a matter of the value of the coal and the probable 
cost of locating, opening and mining it. 
It has already been stated that any prospecting in this 
region should be carried on with the drill. The experience 
of large mine operators in-the southern part of the state indi- 
cates that for this work the core or diamond drill is better. 
The depths to which it would be necessary to go, and the fact 
_ that so little is known of the beds underlying the county, 
make it more than ever necessary that there should be no 
' mistakes in the determination of the thickness and character 
of each stratum penetrated. The increased cost of diamond 
drill work is more than repaid by the increased certainty of 
the result. The cost of diamond drill work varies greatly 
with the depths, nature of the strata, skill of the manipulator, 
amount of work done, proximity to water, and the number of 
diamonds or other tools lost or injured. Several large con- 
tracts have been carried out in this state, where the depths 
were mainly from 100 to 400 feet, at an average cost of 75 
cents to $1 per foot. Single holes will, of course, average 
very much higher, and the figures quoted cannot be attained 
except under favorable circumstances, and where 5,000 to 
10,000 feet of drilling are to be done. It would probably 
require at least that much work here to locate coal with suffi- 
cient accuracy to warrant the further outlay incident to sink- 
ing a Shaft and putting up top works. A single drill hole or 
even a dozen drill holes would probably not answer the pur- 
pose. The amount of money necessary to open up a mine 
here would be large, and the cost of prospecting would neces- - 
sarily be considerably higher than in the counties to the east, 
where the coal les nearer the surface and more is already 
known as to the region. A mine in this region, of course, 
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would have important advantage in reaching the western 
markets, and in the local trade. It is quite unlikely, too, 
that mines will be opened west of Coon Rapids and Dedham, 
as, in the region beyond, the drift is so thick as greatly to 
increase the cost of prospecting, and the distance from the | 
outcrops of the coal so great as to make it very uncertain as 
to whether the beds have not altogether thinned out. The 
lower portion of the valleys of Brushy Fork and the Coon 
river, especially the latter, are the most favorable points in 
the county in which to prospect. Whether or not the chances 
are sufficiently favorable to warrant investment at present is 
something of a question. It certainly would not pay unless 
the company undertaking the work has sufficient capital to 
prospect thoroughly a considerable area. 


CLAYS. 


The Pleistocene series is the only one which yields work- 
able clay in the county The Cretaceous clays are of excel- 
lent quality, but so far they have not been found in quantity 
sufficient to be valuable. As has been suggested, the large 
amount of Cretaceous clay in the drift at Coon Rapids indi- 
cates that a good bed of it occurs at some point in the vicin- 
ity, under the drift. It is possible that this may at some time 
prove workable. The only clay now used is the loess.. This 
is widely distributed throughout the southwestern portion of 
the county, and is\excellently adapted to the manufacture of 
several grades of brick. It may be worked by hand, as a 
soft-mud, or on the dry-press. It is especially well adapted 
to the latter treatment, and yields a good face brick of excel- 
lent color. While much of the loess is so filled with lime 
concretions as to be nearly useless for brick work, there are 
large bodies almost entirely free from lime. At present brick 
is made at but two points in the county, though brick plants 
have been in operation at other points, and the material is at 
hand over most of the county. The facts that coal must be 
shipped in, and that there is only a moderate demand for 
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brick, has so far prevented the growth of a large industry. 
The brick now marketed are of the cheaper grades. Dry- 
press work has not been attempted, the initial expense more 
than balancing the increased return on the probably limited 
output. With the growth of the towns and cities of the 
county, and the decreasing use of wood in building, these 
conditions will undoubtedly change in future. The plants 
now in operation are located at Carroll and Manning. 
Carroll.—In the southwestern part of the town the firm of 
O’Neil & Kellenberg have the most important brick works in 
the county. The plant was started a little more than fifteen 
years ago by Mr..C. P. O’Neil, and has been enlarged from 
time to time. At present it includes one soft-mud Hagle 


’ machine, a Freese brick machine, 30 horse-power engine, 40 


horse-power boiler, pump, drying-sheds, etc. The kilns are 
two in number, one a large cased kiln, and one smaller round, 
down-draft. The main portion of the output is burned in the 
former. In burning, about four days are allowed for water- 
smoking, and the whole burn is made in seven to nine days. 
About half the burning is done with wood. The drying is 
done on pallets, under open sheds with movable roof, and 
there is but little trouble with checking The brick are a 


good building brick, of salmon color and fair strength. The 


clay is taken from a hillside pit on the grounds, and is of two 
varieties, which are suitably mixed. A sketch of the pit is 
shown below. 
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Fic. 10. Clays of the O’Neil Brick Yard, Carroll, Iowa. 
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The figures refer to the following beds: 


FEET. 
3. Loess, vertical jointing, considerable humus, buff 
color, ordinary character of the loess of the region.3-7 
2. Sand with clay streaks thickening to the left, horizon- 


tally, bedded.-......:.. (Grtnenighth AME oc e mae Ma 1-3 
1. Fine grained blue, silt-like loess with horizontal bed- 
UTNE a esac a tas saat aun wey SAE Sa CAND DUR Da, Soe ae 5 


In the northwestern part of Carroll, at a locality already 
mentioned, brick were for some years made by W. M. Boom. 
The loess was used to makea hard brick, but the work stopped 
in 1892. 

Manning.—On the slope north of the Chicago & North- 
Western railway station is the brick yard of Mr. F. H. Long. 
The plant includes a New Quaker machine, the usual sheds 
and a cased kiln. The loess is used to make an ordinary 
building brick. Near this plant brick were formerly made by 
hand from the alluvium of the bottom land. 

At Coon Rapids, between the station and the southern 
boundary of the county, Mr. E. Gibbons formerly ran a small 
hand brick yard. A short-grained brick of rather light color 
was made. 


WATER SUPPLIES. 
SURFACE WATERS. 


The rainfall of Carroll county is abundant. The annual 
precipitation in 1897 was 28.80 inches at Carroll.* The 
immature drainage of the Wisconsin drift plain allows a con- 
siderable amount of this water to stand on the surface, and 
occasional small lakes and ponds afford convenient storage 
reservoirs. Outside of this area ponds can only be made by’ 
artificially damming some smallstreamordraw. 'Thestreams 
themselves, where they have cut below water level, carry 
abundant water for stock purposes. Many large stock farms, 
however, are supplied by means of wells and windmills. Dug 

wells are usually shallow and draw their supply from the base 


*Rept. lowa,Weather Service, 1897. 
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of the loess or from the upper part, of the drift. The stock 


wells are, however, usually drilled and reach deeper horizons. 


There seems to be no very general water horizon, but at 
varying depths, from 100 to 300 feet, beds of gravel are found 
in the drift. These are of irregular distribution but are good 
water horizons. <A few of the wells in the western part of the 
county pass entirely through the drift and into the Cretaceous. 
The creamery well at Arcadia is an example. This well is 
430 feet deep, the well head being at 1,430 A. T., and the 
sandstone being found at 130 feet. An abundant supply of 
excellent water is found. The creamery well at Mt. Carmel 
is said to be 260 feet deep and to end in gravel. South of Mt. 


Carmel there are several wells from 200 to 300 feet in depth. 


In the northwest of the northwest of section 11 is a well 
reported to be 305 feet deep, and in the southwest of the 
southeast, section 3, is one of 250 feet. 


ARTESIAN WELLS. 


There are no deep artesian wells in the county, but there 


are several shallow flowing wells which may perhaps be. 


included under the title artesian. There is an area showing 
such wells east of Coon Rapids. ‘The old drift-filled valley, 
previously noted as running through Union township, includes 
most of these. They are located on the accompanying map. 
The Hoffman well has been running for eleven years. It 
throws a vigorous stream from a two-inch pipe, and a small 
artificial lake has been made by the overflow. The well is at 
the foot of the slope into the old valley, and the well head is 
at 1,115 A. T. The Tom Campbell, John Glenn, and Henry 
.George wells are in the neighborhood. In Coon Rapids itself 
is the Robertson & Martin well. Some of these wells go 


down to the level of the Dakota sandstone, but they do not > 


seem actually to penetrate it. The hypothesis that they 
draw their supplies from the source is negatived by this and 
the further fact that the upper portion of the sandstone is not 
known to be especially aqueous in this region. Apparently 


Fic 11. Sketch map, locating old river valley and artesian wells near Coon Rapids; 1, Hoffman 
well; 2, Campbell well; 3, Glenn well; 4, George well; 5, Robertson & Martin well. 


r 


the wells are entirely similar to the local flowing wells com- 
mon in Greene, Story and Guthrie counties.” These draw their 
supplies from the drift. Local gravel beds, or in the latter 
case, a buried loess forms the aquifer. The latter is probably 
the source of water in some of the Coon Rapids wells, while 
others are doubtless supplied by the old river gravels now 
buried beneath the drift. It is to be expected that more flow- 
ing wells will be found in the area covered by the Wisconsin 
‘drift, particularly near the moraine. The wells will, however, 
all be shallow. The deeper horizons, the various Paleozoic 
sandstones which supply the wells of northeastern Iowa,t 


*Jowa Geol. Surv., vol. VIL, pp. 483-486. 
+Norton: Artesian wells, Jowa Geol. Surv., vol. VI, 113-428. 
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may in time be drawn on for water, but they will not afford 
flowing wells in this county. 


SOILS. 


The soils of Carroll county are of two general types, cor- 
responding to the two drift sheets that occur in the area. 
In the northeast, in the region covered by the Wisconsin 
drift, is a typical drift soil. The upper six to twelve inches : 
is usually composed of a fine black loam or sandy material. 
This material is usually coarser in texture than the loess of the 
southwestern portion of the county, and is accordingly often 
spoken of as the sandy soil, as distinguished from a loam, 
which term is locaily more usually applied to the loess. The 
latter covers all the region south and west of the Altamont 
moraine, as marked on the accompanying map. It is a buff 
to yellow, fine pebbleless material, and is usually mixed with 
humus in its upper portion. The black soil is not ordinarily 
as deep over the loess as over the drift, except in cases of 
secondary wash. The loess found here is intermediate in 
type between the fine, pulvurent, dust-like material found 
along the Missouri and the stiff’clays found in southern Iowa 
and northern Missouri. It stands dry seasons excellently and 
does not bake. The homogeneous texture of the loess gives 
it important advantages as a soil. The air spaces in it are so 
evenly divided that the tension of the water is equalized 
throughout the mass and the plants accordingly receive an 
even, regular supply of moisture. | ey eae 

Both the drift and the loess soils of the county are rich and 
largely productive. The drift-covered farms have the advan- 
tage of a more level surface, but face the difficulties of 
numerous surface bowlders and the common necessity for | 
artificial drainage. The farms in the loess region have no 
difficulty in the matter of drainage or bowlders, but, on the 
other hand, the erosion of the region has been so vigorous 7 
that steep slopes interfere to some extent with easy cultiva- 
tion of the ground. 
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Samples of the various soils as found in the county have 
been taken and are now in the hands of the chemist for analy- 
sis. It was hoped that at least the preliminary results. might 
be included in this report, but that has proven impossible, so 
that the matter must wait for the fuller discussion of the soils 
of the state now in preparation. 
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INTRODUCTION. 


Humboldt county belongs to that gzvoup of Iowa counties 
_ known in the various publications of the state as north-cen- 
tral. It les in the third tier of counties south of the Minne- 
sota line and is almost equally distant from the Missouri and 
Mississippi rivers, some twenty-five or thirty miles nearer the 
former stream. The surface is an almost perfect plain; the 
highest elevation within its limits rises not more than thirty 
or forty feet above the general level. Nevertheless the west 
side of the county, as at Gilmore, is higher by about 100 feet 
than the eastern, and the north side is likewise higher than 
the south, so that the general drainage, as effected by streams, 
is from the north and the west. The only streams of any 
_importance are the forks of the Des Moines river with their 
tributaries. These occupy comparatively narrow channels, 
cut down from twenty to seventy feet below the level of the 
general plateau. To the early pioneer the whole county must 
have appeared an absolute plain—a prairie, covered with 
grass and flowers, dotted everywhere by unnumbered lakes, 
or marshes, darkened by their sombre-tinted vegetation, 
' yaried with woodland only within the narrow limits of the 
flood-plains of the streams. Now the whole landscape is that 
of a cultivated field, adorned on every side with grove and 
orchard; the ponds and lakes have vanished, or show as mere 
_ depressions, where waving harvests of wheat and corn attest 
the marvelous fertility of the prairie soil. The native woods 
have been, in large measure, still preserved, at least in area, 
and, thickened by a growth unchecked by fire, they border 
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the river channel in many localities much as of yore, con- 
tributing wonderfully to the general beauty and attractive- 
ness of this fortunate county. Owing to causes to be set 
forth by some future student of the political history of the 
state, the county is among the smallest, includes but twelve 
congressional townships, while most counties of the state 
have sixteen and many, twenty. Kossuth, to the north, has 
twenty-eight, Webster, to the south, twenty, and Wright and 
Pocahontas, to the east and west respectively, have each 
sixteen. Nevertheless, within these narrow limits Humboldt 
county does not lack biologic, geologic and topographic 
problems of peculiar interest. These will come out as occa- 
sion offers, in the pages to follow. The lack of coai in the 
county and the scantiness of rock exposure have combined to 
make this county hitherto less attractive to those sent by the | 
state to report on her resources. Prof. James Hall, whose 
name will be forever associated with all the geologic science 
of his country, studied Iowa, it is true, but never saw the 
northwest counties. Worthen, in 1856, under Hall’s direc- 
tion, followed the Des Moines river and proceeded as far as 
Fort Dodge.* Dr. White, who, as state geologist, succeeded 
Hall, visited Humboldt county in 1867, remained for a few 
days only and made a hasty examination of its rocks and soils. 
His report, published in 1869-70, is still the only account we 
have been able to find of the problem before us.t Dr. White 
visited the exposures in the town of Humboldt along the bank 
of the river, the oolitic beds, the point known since as Dr. 
Welch’s quarry, of which he givés a section, the exposures at 
Rutland, and certain exposures just west of the Humboldt 
county line, in Pocahontas county, on Lizard ereek. From a 
mere cursory examination, Dr. White recognized in general, 
the true stratigraphy of the rocks he saw, and pointed out 
the fact that their character did not lend much encourage- 


*Hall, Geology of Iowa, vol. I. p. 147. 
+Rept. on the Geol. Surv. of the State of Lowa, by Oharles A. White, M. D., vol. [, pp. 198 
199; vol. II, pp. 243-245. 
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ment to those who .even then were seeking coal .within the 
limits of the county. 


PHYSIOGRAPHY. 
TOPOGRAPHY. 


‘The topography or surface character of Humboldt county 
is, as already stated, for the most part extremely simple. 
Nevertheless, its very simplicity must be explained, and for 
thorough explanation, as men look at such problems to-day, it 
requires the consideration and study of not less than, three 
determining factors; these are the Kansan drift, the sueceed- 
ing Wisconsin drift, and the erosion effected by the Des 
Moines river and its branches and tributaries. 

The Wisconsin drift,—for so we name the latest surface 
deposit by which the entire north-central portion of Iowa has _ 
been more or less completely covered,—has been so thor- 
oughly described elsewhere in these reports* that simple 
mention would seem perhaps sufficient here. 'To the Wiscon- 
sin drift we owe the peculiarly level upland so characteristic 
of the county. To the same deposit belong, as a distinguish- 
ing character, the thousand diminutive, circular lakes or pools 
which mark everywhere the open prairie; nor less in the 
southern and eastern townships the undrained swamps and 
peat-beds, until recently, so uninviting to the farmer; as, 
also, the larger lakes that once lent their sheen to the beauty 
of the landscape. Indeed, almost the entire topography is 
typical Wisconsin, recognizable from the car windows by the 
intelligent passing tourist. 

Not only is the surface drainage of the county thus imper- 
fect, incomplete, but the erosion effected by the smaller 
streams is in many places likewise peculiar, indicating in 
unexpected places the comparative newness of the process. 
For instance, the banks of the Des Moines in Beaver town- 
ship and elsewhere show, instead of the usual tributary val- 
leys, singular precipitous ravines cut almost perpendicularly 


*See, of the present series, Iowa Geol. Surv, vol. VI, pp. 431-476. 
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into the body of the drift. These extend back from the river 
only the shortest distance, sometimes failing to reach the 
margin of a marsh or lakelet lying only a few rods distant. 
The processes of erosion here, as such things go, are plainly 
new and recent. 

But, however striking such features of Humboldt topog- 
raphy may thus appear, there are some others that are still 
more remarkable. A moving glacier is nothing if not a gigan- 
tic plane which tends to obliterate completely all surface 
irregularities and to leave just such a landscape as has been 
described. But to do its work completely the amount of drift 
carried by the glacier must be large; enough, practically, to 
fill up the depressions of the topography pre-existing. In the 
case before us that condition failed. The amount of detritus 
earried down was small. In Humboldt county the Wisconsin 
drift-sheet is remarkable for its thinness. Notwithstanding 
the fact, therefore, that for the county as a whole the Wis- 
consin determines the dominant landscape type, there are, 
nevertheless, numerous special localities in which the deposit 
is either entirely wanting or so thin, so very thin, as hardly | 
to affect the topography upon which it came. It is but a veil, 
© through which an earlier, older sculpture exhibits still its — 
ancient features. This older topography is that of the Kan- 
san drift, carved by all the erosion which everywhere mark 
that time-worn stratum. The hills in Humboldt county in 
general, except as otherwise noted, may be said to represent 
the pre-Wisconsin or Kansan surface. Those near the mouth 
of Bloody creek may be taken as example, stretching back 
northwesterly, with long, low valleys between them. The 
steep river banks everywhere, such as that near the bridge 
on the east side of the East Fork, in section 10 of Grove town- 
ship, or that immediately south of the railway tracks in sec- 
tion 24, Corinth township, are Kansan, and have, in all proba- 
bility, suffered little change in all the years since floods from 
retreating Kansan ice-fields passed down the valleys. The 
ridge north of ‘‘Owl lake’’ is Kansan with a veneer of Wis- 
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consin on its steep northern declivity. There are even a few 
scattered hills (or kames?) in the western part of the county 
probably referable to the same formation. The highest noted 
is in Corinth township, Nw. qr., Nw. 4, See. 4. This is a 
gravel knoll, capped by Wisconsin bowlders. It seems to 
bear no relation to the local drainage system, but the gravel, 
though not freshly exposed, may be put down as Kansan, 
judging from what is observed elsewhere. Further details 
will be given later, when we come to discuss the Kansan drift 
as such. — 

As referable to glacial action it remains to mention one 
further topographic feature marking the surface of Humboldt 
county. This is a low ridge, generally breaking off rather 
abruptly on the south, extending east and west across the 
northern half of the county. To be more explicit the high- 
land referred to is traceable from Wacousta through Delana 
and across Grove and Humboldt townships; it forms the divide 
between Bloody and Trullinger creeks; rises abruptly just 
north of Hardy and forms the plateau on which stands the 
town of Renwick. This highland carries up the general level 
of this part of the county some twenty or thirty feet and 
seems to be morainic in character; referable probably to the 
retreat of the Wisconsin ice. 

The third factor to be considered in discussing the topog- 
raphy of Humboldt county, is erosion, as effected by the 
principal streams. 

The two principal branches or Rote of the Des Moines 
river meet to form the main stream near the southern bound- | 
ary of the county. The East Fork enters almost exactly at 
the center of the north line of the county, bends slightly to 
the east, and flowing southwardly turns west at length to 
meet the West Fork at a point almost directly south of the 
point of entrance first mentioned: so that the East Fork 
divides the county from north to south into two almost equal 
sections. For nearly its entire course through the county 
the East Fork flows above sandy bottoms. There are norock 
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exposures until we reach the south line of Grove township 

where the stream cuts into the St. Louis limestone, as will be 

hereafter noted. The valley of the East Fork is narrow, its 

banks often low and wooded, the erosion of its flood-plains 

referable in some places at least to waters from the Kansan 
ice. A good illustration is seen near the town of Livermore. | 
The flat land on the west side of the river is the old Kansan 

flood-plain, while the hill east of the bridge is a steep bank of 

Kansan gravel covered by a veneer of Wisconsin drift. The 

situation is much like that often observed in the loess-covered 

regions farther south, with the exception that the Wisconsin 

here takes the place of the loess. 


Fie. 12. View of the West Fork Des Moines river, near Humboldt, showing bowlders 
in river channel. 


The West Fork enters the county near its northwest corner, 
follows the county line southwardly for about one mile, then 
turns west into Pocahontas county, only to reappear and 
re-enter Humboldt county five or six miles further south, at 
Bradgate. The course of this stream, unlike that of the East 
Fork, is everywhere marked by rock-exposures; the channel 
is almost uniformly rock-paved and strewn with granite 
bowlders from the drift, so abundant as to suggest some New 
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England mountain channel, rather than the quiet, creeping 
river of the level prairie (Fig. 12). The sides of the stream 
are limited by rocky walls which become more and more 
picturesque, more and more prominent topographic characters, 
aS we pass east and south. The banks are, therefore, gen- 
erally well defined; floods seldom rise above them, and the 
valley across which the present channel passes, now to this 
side, now to the other, seems old and long unflooded. In 
fact, the flood plain, nowhere wide, perhaps less than a mile 
at its widest point, southwest of Rutland, shows everywhere 
a shallow deposit of sand and gravel referable again to the 
Kansan drift, with only here and there a scattered bowlder 
or group of bowlders, to indicate that ever the Wisconsin had 
come and gone. It is difficult to reconcile the situation thus 
described with our pre-conceived notions of glacial activity. 
It may be, however, suggested, that the on-coming of the 
Wisconsin ice was slow; the valleys in question were slowly 
filled, while later accumulations, moving southwards, passed 
over the valleys entirely. At any rate, the later ice-sheet in 
many parts of the Humboldt county valleys, seems hardly to 
have moved at all, and in such places the deposits of drift are 
insignificant. : 

The secondary: streams of the county present few topo- 
graphic features of special interest. They are in general 
typical prairie streams, with shallow channels, low gradient, 
and accordingly show. erosive characters only as they near 
the flood-plain of the receiving rivers, aS already mentioned 
in the case of Beaver creek and Bloody run. The principal 
secondary stream of the county is Lott’s creek, which, with 
its tributary Trullinger, drains the northern part of Delana 
township, and is reported to be a perennial stream, especially 
below its junction with Trullinger. Lott’s creek empties into 
the East Fork just north of the town of Livermore, and its 
banks, especially west of that village, exhibit the character- 
istics already described as forming a Kansan landscape. 
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DRAINAGE. 


As already intimated the drainage of the county, as effected 
by natural channels, is quite imperfect. The general slope of 
the west half of the county is from west to east. Gilmore is 
more than a hundred feet higher than Dakota City; the east 
half shows little variation, is almost level, with only a slight 
fall toward the Des Moines river to the southwest, and toward 
the Boone river to the southeast. The early settlers occu- 
pied the higher ground to the north and west, leaving the 
great swamps of the east and south as a problem for later 
comers. It is hardly necessary to say that the problem has 


* been quite effectively solved. Ditches and tile drains have 


worked marvels, and will no doubt eventually bring almost 
the entire prairie under the plow. Even considerable 
lakes, respected of the United States surveyor, which might 
have remained to lend charm and attractiveness to the other- 
wise monotonous landscape, have yielded to the spirit of con- 
quest which would bring every foot of nature’s domain under 
man’s control. Owl lake seems to have been a beautiful and 
permanent sheet of water, covering several hundred acres, 
ten or fifteen feet deep, bordered by beautiful groves of native 
trees. In draining a great marsh which lay to the south, and 
which, if reports are true, might better have found outlet by 
Beaver creek, Owl lake was put in the line of the ditch, and 
the waters from both regions carried into Boone river. The 
fact illustrates well the topography of this part of the county; 
the drainage canal might have gone at least equally well east 
or west, and there is not in either direction sufficient fall to 
have brought about natural drainage. The drift is, in the 


neighborhood, very deep. A well, wholly in the drift, near 


the south margin of the lake-bed, is 118 feet deep. The 
water rises from beneath a bed of organic matter, which 
doubtless represents here the pre-Kansan surface forest-bed. 
A well in the middle of the former bed of Owl lake is said to 
be sixty feet deep. 
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_ Drainage by ditches is, however, characteristic rather of 
the eastern and southern portion of the county. The west- 
ern, and especially the central townships, exhibit a very 
different system, in some of its features unique. The lime- 
stone which underlies the region now in question appears to 
be full of fissures, and as a result we have subterranean drain- 
age. In numerous places, instead of the ordinary lakelet or 
pond characteristic of the Wisconsin drift, we have a sink- 
hole. The lakelets (‘‘ kettle-holes’’) are not wanting; but the 
great majority of them leak, and drain effectively the contig- 
uous lands. Within the past few years the farmers, taking 
their cue from the natural state of affairs, have begun boring 
holes in the bottoms of the marshes or lakes not having such 
outlets by nature. It is found that a well deep enough to 
furnish an inexhaustible supply of water will also, on the 
other hand, receive any amount of water that may be poured 
into it, and deep-well drainage has become a singular char- 
acteristic of the agriculture of Humboldt county. Once a 
well is sunk in some particular slough, other wet acres in the 
neighborhood are, by tiling, brought into connection, so that 
sometimes a single well will drain a very large area, several 
hundred acres. In every case, of course, the well must reach 
an aquifer, or water-bearing stratum. The depth to which 
such wells are sunk varies but little in a given area; the aver- 
age depth of a large number sunk by Mr. Charles De Groote 
is about 100 feet. On the other hand a well sunk in the town 
of Humboldt, to drain the stone quarry operated there, is 185 
feet deep, and inefficient. Drainage wells are five inches in 
diameter, cased from the surface to the rock, and often with- 
out so much as a screen’at the top. Soil, sand, clay, and 
detritus of all sorts seem to be received with impunity. The 
propriety of sending the discharge of unfiltered surface waters 
into the water couches that must supply at the same time the 
wells and springs of the county, is, perhaps, a matter that will 
one day merit consideration at the hands of the sanitary 
engineer. 
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STRATIGRAPHY. 
Formations Represented. 

The geological formations represented in Humboldt county 
are not numerous, and yet more so than one might at first 
suppose. Here and there within the county appear the edges 
(outlying traces) of several of the paleozoic formations that 
are well developed, and well exposed further to the south. 
In general, however, vast beds of drift cover all the older 
formations of Humboldt county, removing them entirely from 
_ordinary exploration, leaving us to guess the extent of their 
presence from the few exposures along the rivers, where 
recent’ erosion has uncovered for a little way these ancient 
layers. Sometimes, also, the comminuted drill-chips, pre- 
served by an intelligent well-digger, are brought to our 
assistance, but the data so obtained are not very helpful in 
identification, and can do no more than confirm conclusions 
elsewhere more happily formulated. In any event the dis- 
tance between exposures is, in the case before us, so great 
that the identification of strata, on grounds lithological only, 
becomes a matter of some uncertainty. Added to this there 
is every indication that in the intervals of deposition the sue- 
ceeding paleozoic strata suffered enormous erosion; every- 
where is want of conformity, continuity, offering to the 
student a problem of tio little complexity. So far as at pres- 
ent appears, the geological formations of Humboldt county 


may be tabulated as follows: 
Synoptical Table of Geological Formations. 


GROUP. SYSTEM. SERIKS. STAGE. 


/ 


Wisconsin. 
Buchanan gravels. 


Cenozoic. Pleistocene. Glacial. Kansan. 


Aftonian? 


Pre-Kansan? 


Upper Carbon- 


iferous: Des Moines. 


Paleozoic. Carboniferous. 


Lower Carbonifer- | Saint Louis. 
ous or Mississippian. 


Kinderhook. 


~ 


Oo 


GEOLOGICAL FORMATIONS. 12: 
! GEOLOGICAL FORMATIONS. 
CARBONIFEROUS SYSTEM. 
MISSISSIPPIAN SERIES. 


KINDERHOOK LIMESTONE. 


The Kinderhook limestone was recognized in Humboldt 
county by Dr. White.* This observer, however, included 
under the name all the stratified limestones of the region. 
Facts now patent to every student, but inaccessible at the 
time of Dr. White’s visit to the county, make it plain that the 
Kinderhook is really much more narrowly limited than was at 
first supposed, and is in fact represented by the lowest strata 
only of the Humboldt county limestones. For its identifica- 
tion we must depend upon lithological characters chiefly; 
organic remains being few and poorly preserved. But the 
beds in question are oolitic, and in this respect resemble beds 
of recognized Kinderhook age in Des Moines and Mar- 


shall counties. Besides, the organic remains, such as they 


are, are undoubtedly such as characterize the Kinderhook 
strata of Illinois, where these were first described. In the 
University geological collections may be seen Loxonema yan- | 
dellana Hall?, Straparolius macromphalus Winchell, S. obtusus 
Hall, 8. planispira Hall?, Omphalotrochus springvalensis White, 
Bellerophon sublaevis Hall, a small Allorisma and some other 
undetermined species. These specimens are from the Hum- 
boldt beds of oolite, and were deposited at the Ee aaa by 
Dr. Clark, of Humboldt, who collected them. 

Oolite limestone, as the name suggests, is composed in large 
part of minute ovate, or egg-shaped calcareous grains or 
granules, held together by a cement or matrix of similar 
material. The granules show a concentric structure, and. 
seem to have been formed from what may be termed calcare- 
ous sand, each grain first rounded by attrition, then coated 
by successive layers of lime precipitated from solution. 


*Geology of Iowa, by Dr. Charles A. White, vol II, pp. 244-245. 1870. 
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Oolite is forming to-day along many tropical shores. The 
process takes place chiefly in the littoral zone, between high 
and low tide, wherever the beach is covered with fine calcare- 
ous sand. Such sands originate along the beaches of low 
islands, or other land areas that send no gross products of 
mechanical erosion to the sea, provided the adjacent sea bot- 
toms support coral reefs or other profuse growth of lime- 
secreting organisms. Waves pound to pieces the structures 
reared by living forms; and the fine calcareous grains to 
which these structures are evidently reduced, are strewn 
over the sea bottom up to the limits of high tide. Winds may 
carry them inland and pile them up in heaps and wreaths, far 
beyond the limits of tidal movements; but between tide-marks 
the grains are alternately moistened and dried, a pellicle of 
lime carbonate is left upon each calcareous sand grain as a 
result of evaporation of the saturated sea water, the grains 
grow by accretion after each retreating tide, and are at length 
converted into the perfectly rounded ooliths that give char- 
acter to this particular type of limestone. The very processes, 
however, which produce calcareous sand, would destroy as 
well the remains of all forms of living things, and the paucity 
of fossils is, perhaps, in this way explained. 


. Exposures of Kinderhook limestone occur at intervals along 


the banks of the west fork of the Des Moines river, from 
Humboldt city to Rutland. Within these limits the rock 
varies in character, very often and very much. These vari- 
ations depend upon the relative amounts of cement and 
oolitic material present in the several cases. Thus the rocks 
by the river at Humboldt, near the abandoned limekiln, show 
the following section: 


OD 


FEET 

Drift, with gravel and rotten bowlders.............. 1-2 
Traces of ferruginous sandstone.............-....+., 1 
Oolite; the ooliths fewer, irregular, uneven; the rock 

crystalline ta: foi. Ped adios apache ee ccc aeta stones 2 
Oolite; the ooliths of great uniformity, comprising 

nearly the whole mass of the stone................ 8-10 
Oolite; the granules of uneven size, irregular........ 2 


Fine-grained “‘lithographic’’ limestone, of unknown 
thickness, at the water’s edge. 
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The term lithographic, as here used, was employed by 
Worthen* in describing what is deemed a similar rock in the 
Kinderhook of Missouri and Illinois. The rock is an exceed- 
ingly hard, fine-grained limestone, of a pale drab or bluish- 
gray color, breaking with irregular, angular or conchoidal 
fracture and remarkably smooth surface. It appears to have 
been laid down in deep water, is only rarely fossiliferous, and 


‘is composed entirely of only the finest sort of calcareous 


detritus. In its pure form this kind of rock occurs again and 


Kia. 13. Exposure of Limestone near Rutland—probably Kinderhook. 


again in the Saint Louis beds, as we shall presently show; in 
the Kinderhook it seems to be affected generally with oolitic 
concretions. | | 

The oolite in the vicinity of Humboldt affords beautiful 
illustrations of rock of its type, but the beds exposed are of 
very limited extent.. Along the riyer front they are traceable 
for a short distance only, within the’ city limits, and are well 


seen where the rock has been extensively used for lime-burn- 
ing. North of the town, in a field adjoining, on the east, the 
city cemetery, is a small quarry of oolitic stone, but here the 


*Geol of Illinois, vol. I, p. 114 
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oolites are much larger, and the rock of coarser texture. In 
fact'as we go north and west from Humboldt the oolites 
become larger. At the same time they become fewer in pro- 
portion to amount of cement material present, until they 
cease to be a conspicuous. feature of the rock at all. The 
conditions of rock formation seem to have varied everywhere 
within a short distance. | 

At Rutland, along the south bank of the river, is one of the 
most conspicuous rock exposures in the county (see figure 15). 
The strata here are also believed to be Kinderhook, and prob- 
ably correspond to the lower beds in the Humboldt section. 
The beds are nearly horizontal, dip perhaps a little to the 
east, may be followed for about half a mile eastward where 
they disappear, probably having been removed by pre-Carbon- 
_iferous erosion. Westward the same beds may be traced for 
some distance along the stream, but are replaced by Saint 
Louis at the water’s edge in section 23 of Avery township. 
South of Rutland there are outcrops of the same rock here 
and there on the old flood-plain of the river, especially in the 
northeast quarter of section 30, in Rutland township. The 


Fie. 14 Kinderhook opposite Rutland—to show mode of weathering. 


SAINT LOUIS LIMESTONE. LT. 


Rutland limestone is not bedded, at least not evidently, it 
‘checks and cracks in all directions on exposure to the weather 
(see figure 14). The rock is, nevertheless, very hard, and 
erosion proceeds but slowly. Under the lens very large 
ooliths, or pisoliths, appear, from a quarter of an inch to half 
an inch in diameter, but no traces of organic remains were 
discovered. The total thickness of these rocks, as exposed 
at Rutland bridge, is about twenty feet. 


SAINT LOUIS LIMESTONE. 


Exposures of rock provisionally referred to the Saint Louis 
age occur in Humboldt county from the mouth of Beaver 
creek, near the south, line of the county, north to Humboldt, 
and west to Bradgate. All the exposures visited are situated 
in the valley of the Des Moines river, and have been uncov- 
ered by erosion effected by that stream or its tributaries. 
For determinations of the horizon of these exposures we must 
again be guided by characters lithological, and by strati- 
graphical position; no fossils are discoverable to guide us in 
our researches. Unfortunately, too, the rocks in question 
occupy a position which everywhere marks a period of transi- 
tion, between the two great series of the Carboniferous 
system; they are accordingly mixed in character. In the 
Same quarry we have sandstones, or arenaceous limestones, 
evenly bedded limestones, lithographic limestone, generally 
in thin, hard seams, pockets of shale and clay.. Nor is lacking 
the peculiar brecciated limestone which, in all other western 
localities, is held to be a sign of the Saint Louis stage. 

Notwithstanding all this diversity the various exposures 
visited are in general consistent with each other; their strata 
are, in the main, comparable and lie all above the oolite, and 
where contact can be observed are plainly unconformable 
with it. gut | 

An exposure along the east bank of the river, near the 
south line of the county, shows the section following: 


ott Ver 
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FEET. 
10. Drift, probably Kansan covered by Wisconsin; sev- 
eral feet. 
9. Traces of Des Moines sandstone........ ..+.ss..+00: 6-7 
8. Thin layers of arenaceous-calcareous rock........ .. 6-10 
7. Irregular, heavy-bedded limestone, containing angu- 
lar fragments of lithographic rock........ phe testes 5-7 


Shale, with pockets of clay; of variable thickness. 
5. A thin parting layer, very hard, dense limestone. 4 
4. Regularly bedded limestones, more or less arenace- 


OUS; ADOUL...... eee reece eee eee e eee neces 2 
3. Regularly bedded limestones, some Hinoseapiic 
BOUL HTM atte ie sake tuoleichstasace cateceeparevolonet dee ons aha wrens 2 


2. Talus covering the layers to the water’s edge, say.. 4 
Soft, whitish or bluish limestone in the bed of the 
river. On exposure turns brown or yellow, and 
washes readily under the rain. Occurs in layers x 
six or eight inches thick, and is said to overlie 
blue shales. 

Bed number 1, in the above section, has been extensively 
quarried from the river channel, and used in construction of 
dwellings in the vicinity. It is said to be white when 
fresh, and is easily worked. On exposure to the weather it 
assumes a yellow color and a chalky surface. The succeeding 
layers up to number 5 are, as far as observed, alternating 
beds of lithographic stone and rock of softer texture. ‘That 
ealled lithographic corresponds with rock so named in other 
exposures, is exceedingly hard, fine-grained, breaking with 
angular, somewhat conchoidal fracture. Number 6 is shale 
passing into clay, and varies in thickness from two to eight- 
een inches, Number 7 is the most characteristic and clearly 
defined member of the whole series. It occurs in layers three 
to four feet thick, unevenly bedded, more or less brecciated, 
and breaks off in large blocks as undermined by the erosion 
of the thinner beds below. On the east side of the river this 
particular layer may be traced to near the mouth of Beaver 
ereek; it is probably represented by the heavy upper rocks 
exposed east of the bridge over Beaver creek, in section 32 
of Beaver township, and again appears in connection with 
exposures along the east fork, in section 31 of Grove town- 
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ship. The same rock appears also at one or two points on 
the west bank of the Des Moines, as in section 31, Beaver 
township. 

From the point last mentioned, northward, the lime rocks 
in question are Seen no more until we reach the south limits 
of the town of Humboldt. Any limestones that may have * 
occupied the interval, have been completely removed by 
erosion, and their place supplied by drift or deposits of sand- 
stones and shales representing the Des Moines stage. 

On the river bank, near the fair grounds, a quarry has been 
opened which shows an unevenly-bedded blue limestone 
affording abundant evidence of flexure, and dipping rapidly 
southward under the black shales of the coal measures. Near 
the mill on the east fork, east of Dakota, is another exposure 
of similar limestone, associated with beds of shale and clays. 
Both these exposures represent beds below number 7 of the 
section on page 128. 

A very much more satisfactory view of these particular 
strata is obtained at Dr. Welch’s quarry in section 31 of Grove 
township, above referred to. Here we have an exposure of 
some sixteen or eighteen feet. Heavy, rather evenly-bedded 
limestone at the bottom, yields a superior quality of quarry 
stone. It is impossible at present to determine the thickness 
of these beds; the exposure at present reveals no more than 
two or three feet. Above comes a course of shale followed 
by other courses of thin-bedded limestone, the first of which, 
about seven feet up, is lithographic. The courses above the 
lithographic seam show traces of oolite. At length appear 
sandy fragments, probably of the Des Moines, capped by 
Kansan drift, one or two feet in thickness. The eastern end 
of the exposure, only a short distance east, demonstrates the 
unreliable nature of these strata, and the instability of the 
earth’s crust during the period in which they were laid down. 
Here the strata of limestone pass into beds of twisted, con- 
torted shale, mingled with blocks of sandstone, loose pieces 
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| 


of limestone, angular fragments, imbedded in clay. Even the 
best defined strata are traceable for a short distance only. 

Similar rock underlies nearly all of the western part of the 
city of Humboldt. An exposure is seen in Mr. Bull’s quarry 
near the center of the town. Here we have thé section fol- 
lowing: 


\ 


3 FEET 
3. Kansan drift, with bowlders, soil, etc................. 1-2 
2. Thin-bedded, flinty layers of limestone, passing into 
| e\2¥0 {Woy eo) Cy ean Peon Ae Neel aS aOR at fib Ra eee kn 2 


1. Evenly-bedded, blue limestone, of variable texture.. 6 


Number 1 rests unconformably upon subjacent limestone 
rock, and is evidently here, if our conclusions are right, the 
lowest member of the Saint Louis stage. The uneven floor of 
the Humboldt quarry is the eroded upper surface of the Kin- 
derhook. The limestone is in some places shaly, but at its 
best is of good quality, dark blue in color, weathering to buff 
or pale yellow. itis in many piaces much seamed by vertical 
fissures of greater or less extent. In some instances these 
are packed with crystalline calcite; in other cases the rock is 
simply oxidized and discolored for the depth of an inch or two 

on each side of the fissure. Number 2 is variable in the 
extreme, and apparently valueless. 

Other exposures, which we refer to the Saint Went nono 
are found in the so-called ‘‘sandstone quarry ’’ in Rutland, 
and in Mr. Finch’s quarry, at the river’s edge, in the Sw. qr. 
of Ne. 4, See. 23, Avery township. The same rock crops out 
At the water’s edge for the last time on the west fork, just 
below the bridge, in the Ne. qr. of Nw. 4, See. ‘17, Avery 
township. Loose rocks of the same character cover the bot- 
tom of the present river channel, from the point last named 
eastward, nearly, to the town of Rutland. Some of the’expo- 
sures mentioned show, in more or less abundance, the curious 
structure called, by Worthen,* crystallites. There is probably 
nothing of crystalline nature about these formations. They 
resemble crystals in form only, are like the casts of crystals, 


*Geology of Illinois, vol. [, pp, 115-116. 
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but more probably represent slight faults in the material of 
the rock, faults formed while the material was as yet plastic. 
The axis of the crystallite is always perpendicular, or nearly 
so, to the plane of bedding. These forms are now known as 
Styloltes. 

At various points in Weaver township, as in the Ne. qr. of 
Sec. 9, there are exposures of limestone rock which must be 
considered here. These are mostly in the form of quarries, 
originally sink-holes, which have been developed to meet the 
local demand for rubblestone. From the exposure in section 
9, just mentioned, a large amount of rock has been taken. 
The quality seems to be excellent, and the bedding is such as 
to make comparatively light the labor of the quarryman. The 
rock is a rather coarse-grained, erystalline, encrinital lime- 
stone, reminding one of rocks elsewhere referred to the 
Augusta stage, unlike any seen anywhere in the river expo- 
sures. Open sink-holes in this neighborhood show almost 
everywhere rock of the same character, so that it is probable 
that all the southwestern part of the county is underlain by 
similar strata, except where removed by pre-glacial erosion. | 
In the town of Gilmore, for instance, a similar rock in the 
northeast part of the village comes to the surface of the 
ground, while a few rods west, the town well goes down sixty 
feet before encountering rock at all. Nevertheless, we may 
consider this peculiar encrinital limestone as the surface rock 
for all that part of Humboldt county lying south of the west 
fork, except the flood-plains immediately adjacent to the 
stream. The same rock extends far into Pocahontas county, 
and is there exposed in precisely the same way. ‘Thus in 

, Clinton township, in Pocahontas county, one mile west of 
~ Gilmore, and one and one-half miles north, is a sink-hole 
quarry, which for years has been very extensively worked. 
The Gilmore quarry presents the following section: 
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FEET 
10, sAllivium, surface soil, 6tes.Wvn. ack cet vice eiakinak am cers 6 
9. Coarse sand and gravels, Buchanan gravel........... 3 
8. Red clay and rotten bowlders of various sizes, repre- 
senting the Kansan drift... ....05.... cscs ess 2-4 
7. Heavy-bedded, coarse-grained limestone, crystalline, 
rey AYO) will NH ean Pens CIO Hen tis SINE Caontae ORD OOS Ok 20 


6. Blue shales, limestone and clay; very fossiliferous... 2 
5. Lithographic limestone, much inclined to angular 


FPACHULE 0... eee ieee eee ee ecw eee nen steers 14 
4, Heavy-bedded, fine-grained limestone, no fossils..... 3 
3. Shaly, thin-bedded limestones, with few fossils:..... af 


2. Coarse-grained, fossiliferous limestone, containing 
fragments of No. 1, but separated from it by a 
parting Of yShale igi ced vues were sina e meno e ere de Mek che ieee 1 

1. Lithographic limestone, fine-grained, and very hard 2 


If we may judge from characters lithological chiefly, and 
from comparative position, the surface rock of the southwest 
part of Humboldt county is identical with number 7 in the 
above table. The strata exposed in the Gilmore quarry are 
the only beds above the oolite which contain fossils suffi- 
ciently well preserved to give the student any assistance in 
determining the geologic horizon. But the fossils in this, our 
only locality, are poor; those of the limestone imbedded so 
firmly as to be difficult of extraction, those of the shale frag- 
mentary, flattened and generally imperfect, though very 
abundant. Long and patient search will be required to 
secure anything like a satisfactory series. The specimens 
‘collected were sent to Mr. Stuart Weller, of Chicago, and 
identified in part as follows: Hwmetria verneuilana, Athyris 
subquadrata (?), Sprrifer increbrescens (?), Rhynchonella—Sp. 
‘Concerning their horizon or geologic age, Mr. Weller says: © 
**All these forms indicate a younger age than the Osage, or 
Augusta, as some prefer to call it, and I think they can safely 
be referred to the Saint Louis.”’ 

This accords entirely with the view we have expressed as 
to the age of the upper formations in the southern part of the 
county, as at Humboldt and Beaver creek. The strata 
exposed in Dr. Welch’s quarry, for instance, are the equiva- 
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lent of the very lowest beds in the Gilmore quarry, or, more 
likely, of beds still lower down. This conclusion accords 
likewise with the topographic evidence. The difference in 
level between the river channel at Bradgate and the Gilmore 
quarry is at least twenty-five feet; 7. ¢., the last exposure at 
the river, supposing the strata level, is still thirty or more 
feet below the bottom of the Gilmore quarry. The encrinital 
limestones of the Gilmore quarry, and of Weaver township, 
resemble very much in texture the limestones long known in 
Iowa geology as Burlington, but the reference of the Gilmore 
shales to the Saint Louis in so far excludes the Burlington 
from our problem. | 


UPPER CARBONIFEROUS. 
DES MOINES. 


There is every reason to believe that the Saint Louis strata 
were no sooner deposited than they became forthwith subject 
to long continued and enormous erosion. The scant deposits 
which we have been tracing along the rivers, from the county 
line north to Humboldt, Rutland and Bradgate, are doubtless 
but remnants of beds once continuous over the entire region, 
and possessed of thickness possibly only partially indicated 
by the piled up strata of the Gilmore quarry. The valleys 
and irregularities, left as a result of erosion, are now in gen- 
eral buried beneath various sheets of drift; some of them, 
however, were filled long ages before by the sand and shales 
of Carboniferous waters. One such erosion valley lies 
immediately south of the town of Humboldt, and extends 
nearly to the county line. In the southwest corner of the 
Nw. qr. of the Se. + of See. 12, in Corinth township, is a lime- 
stone quarry, as already stated, page 129. Within a few rods 
south occur beds of black shale, and no more limestone 
appears until near the mouth of Beaver creek, as heretofore 
described. Along the east fork the situation is exactly the 
same, and we have here an interval more than four miles in 
- extent occupied, so far as indurated rocks are concerned, 
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wholly by sandstones and shales. These represent the upper 
Carboniferous, and are apparently to be correlated with beds 
of the Des Moines stage, abundantly exposed immediately 
above the limestone along the river, south of the county line. 
Here, again, our decision rests upon relative position and char- 
acters purely lithological. Most of the material representing 
the coal measures has also been carried off by long erosion, . 


so that the outcrops are nowhere important or extensive. 


We may, however, trace them quite continuously along both 
forks of the river, especially within the limits above described. 
Beginning at the south, the first coal measure exposure 
within the county is found on the west side of the river, in | 
the southwest quarter of section 29, in Beaver township. » 
The outcrop here is sufficiently remarkable to have long 
attracted general attention. It is known as the ‘‘ore bed”’ 
or ‘‘lava bed.’? Contrary, however, to the generally received 
opinion, the ‘‘ore beds’’ have probably never known heat 
more intense than that of the Humboldt August sun. The 
ore, however, is real; itis a form of hematite, iron ore con- 
taining aluminum, traces of arsenic, zinc and other impurities. 
The following analysis made by Mr. T. E. Savage, at the 
University laboratories, shows the content of our “‘lava”’’: 


PER CENT. 

TONG ieee 9 Sic fotel Sey eve esas ag TGP che ety tanta ise Melace Lo .... 50.256 
Silics, approximately (FS. Jil ve. citation baa 16+ 
Aluminum; approximately. acs mien aaoninnaeier causes 4 
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Other substances, oxygen, etc., estimated............ 30 

\ 99.256 


A similar ore is not uncommon in rocks of this horizon 
throughout the world. In the particular case before us the 
iron was doubtless brought down and deposited with the sand, 
obtained from the waste and decomposition of older rocks not 
far away. The sandstone so formed later became checked 
and cracked in every direction, by slight local disturbances, 
flexures, etc., while the contained iron was in part leached 


CARBONIFEROUS SANDSTONE. 135 


out in the presence of decomposing organic matter, only to be 
redeposited as hematite where oxygen was abundant, as in 
the cracks and fissures just referred to. Subsequent erosion 
and washing of the sandstone left the hardier ore behind in 
angular blocks and plates, box-like cavities, etc., the shape 
determined by the fissures in which concentration originally 
took place. The ore contains impurities of such character 
and amount as to make it intractable, and these, together 
with the small extent of the ore body, render it of little or no 
value. : 

A characteristic exposure of Des Moines sandstone may be 
seen on the east fork, in the southwest quarter of section 19, 
Beaver township. Here the Minneapolis & St. Louis railway 
crosses the stream, and the sandstone outcrop is sufficient in 
extent and solidity to warrant its use to form the abutment 
for the west end of the railway bridge. The rock is coarse, 
heavy-bedded, hard, ferruginous, yellow, and furnishes the 
best illustration seen in the county of the formation now con- 
sidered. The ame rock crops out along the river, on the 
west bank, in the southeast quarter of section 18, Beaver 


township, at the upper end of Riverside park, in the town of © 


Humboldt, and on the opposite side of the river, at various 
points; also in the northeast quarter of section 34, Rutland 


township. At the point last mentioned the very ferruginous | 


coal measure sandstones are succeeded on the north by a bed 
of remarkably clean, sharp, white sand, of unknown depth 
and extent. This, though closely associated here with the 
coal measure outcrop, represents evidently an entirely differ- 
ent period of deposition. It is probably referable to the over- 
-lying Kansan, and is a most noteworthy deposit. 
On the east side of the east fork, in the southeast quarter 
of section 18, Beaver township, the Des Moines is repre- 
sented low down along the water edge, and for some distance 
up and down the stream, by the characteristic black shale of 
the coal measures. This on the land of Mr. Hermanus Ket- 
man was explored some years ago for coal. A drift was run 


\ ’ 
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in some distance from the river, and some imperfect shaly 
coal seems to have been taken out, but the prospect was on 
the whole unsatisfactory, and the work was soon abandoned. 
On the west fork, in the southwest quarter of section 12, Cor- - 
inth township, within the limits of the incorporated town of 
Humboldt, a similar exposure of shale occurs along the river. 
This, also, was at one time the subject of experiment, and 
several tons of coal are reported to have been taken out. 
But the vein seems to have been fragmentary, the coal was 
soon exhausted, and the enterprise was abandoned. At pres- 
ent there are no exposures by which one can judge as to the 
real character of this particular member of the coal bearing 
series. The black shales seem to be capped by soft, sandy 
material, which speedily weathers to rounded slopes, and the 
whole surface in the localities mentioned is now grown over 
with grass and shrubs, down to the water’s edge. In fact the 
sandstones and shales of Humboldt county, so far as studied, 
seem simply to fill up the erosion valleys of the older strata. 
They are nowhere continuous for any great distance. They 
are a part only of the northernmost edge of the productive | 
fields of Iowa, and it seems probable that any coal that may 
onee have found place here was swept away by erosive 
agencies, acting prior to and during the invasion of the Kan- 
San or pre-Kansan ice. 

From none of the exposures of coal-measure rocks and 
shales were fossils collected. Fragmentary plant-remains 
are said to have been encountered by those who explored for 
coal, but no trace of these can now be found. 


PLEISTOCENE SYSTEM. 


The Pleistocene deposits in Humboldt county, as elsewhere 
generally in lowa, consist of sheets of drift, beds of gravel, 
clay, sand, soil, alluvium, etc. Two distinct formations of such — 
deposits may everywhere be easily discovered, an upper and 
a lower, or, aS sometimes described, a younger and an older. 


The younger, newer, deposits in Humboldt county belong to 
' 


KANSAN DRIFT. 1ST. 


what has been already called in this report the Wisconsin 
drift, the older to the Kansan. 


KANSAN DRIFT. 


The vast body of all the soils, sands and clays, which 
almost entirely bury the indurated rocks of Humboldt county, 
belong to the Kansan age. Even where the soil is thinnest, 
and underlying limestones come nearest to the surface, even 
there, remains of the work of the old Kansan ice sheet are not 
lacking. From the reports of well diggers we may gather 
that, in some parts of the county at least, a deposit older still 
intervenes ‘between the Kansan and the limestone rocks 
below. Such deposits doubtless represent the famous pre- 
Kansan formations revealed, with more or less clearness in 
various parts of the’ state, elsewhere. Our'data for Hum- 
boldt county, however, are insufficient to justify more than 
this simple mention, and in what follows we may consider all 
the drift underlying the Wisconsin as Kansan. 

In Humboldt, as elsewhere, the Kansan drift takes on dif- 
ferent aspects, according as it has or has not been exposed to 
the action of the elements. Originally in large part a blue 
clay, where long exposed to the weather it becomes brown or 
ferruginous. In many localities the upper portion of the 
Kansan consists of beds of sands and gravels, and such 
deposits are always reddish-brown in color, very unlike the 
pale yellow of the overlying Wisconsin clay. It follows from 
this that the natural exposures of the Kansan are brown, 
while the same formation may and does furnish the blue clay 
of the well digger. In the particular case before us the only 
natural outcrops of the Kansan occur along the river valleys, 
as already intimated, and here they seem to represent the 
drainage deposits left by the abundant south-flowing waters 
of the retreating glacier; they are the Buchanan gravels and 
alluvial sands. The sandy plains about Bradgate, the flat 
valley opposite Rutland, the town site of Humboldt, the sandy 
fields south of the mouth of Indian creek, all represent the 
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old Kansan alluvium, over which the later drift passed like a 


shadow, leaving only here and there the slightest impress. 


On the other hand there are no finer exposures of Buchanan 
gravel than may be seen in the gravel pits of the Minneapolis 
& St. Louis railway, near the west end of the railroad bridge 
across the east fork, or one half a mile further west, where 
the gravel is excavated for road material to improve the pub- 
lic highways. Similar exposures occur at several places 
along the river valley in Beaver township, as near the center 
of section 17, on the north side of Coon creek, near the mouth, 


in the northwest quarter of section 20, and even on the top of 


the hill in the northwest quarter of section 30. In all these 
cases we find the peculiar orange-brown, ferruginous, coarse 
sand and gravel formed from decomposing pebbles, which are 
to-day so near disintegration that they crumble in the fingers 
of the collector. 

The extent of these deposits is very difficult to estimate. 


They probably underlie in considerable depth all the upland. 


south of Dakota City and between the two forks of the Des 
Moines, south to their union. Reports of deep wells indicate 
the presence of the gravels all over the western portion of 
the county. At the Gilmore quarry there is an exposure of 
the same deposits, about three or four feet in thickness, and 


_ along the road running east and west immediately north of 


the quarry there is a prominent ridge of sand and gravel, 
referable to the same origin. The ridge north of what was 
once Owl lake is also chtey. Buchanan gravels and wind- 
driven sand. 3 | 

Elsewhere our knowledge of the Kansan is limited to 
reports of wells; but these uniformly report blue clay, in 
greater or less thickness, below the Wisconsin or ‘‘ gravel 
dirt,’’ so that we may reasonably infer the presence of the 
Kansan drift over the whole county. 


WISCONSIN DRIFT. 


Except as noted, this is the surface deposit over the whole 
county. It is generally pale yellow, almost white in color 
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when dry, contains abundant calcareous pebbles, generally 
small, but sometimes of considerable size, when they often 
- show to perfection the evidence of glacial planing. The 
granite bowlders are also fresh, untouched by decomposition 
or decay, generally of medium size, those of reddish color 
predominating. The deposit is not only remarkable for uni- 
formity of composition, but of distribution also. Nowhere 
very thick, yet it covers the surface nearly everywhere, con- 
forming generally very closely to the eroded features of the 
underlying Kansan. NHillsides are often as well and evenly 
covered as hilltops, showing that erosion since the Wisconsin 
has been shght. For these reasons natural exposures of con- 
tact between the two drift sheets are seldom to be observed. 
One such, however, is at present shown near the mouth of 
Coon creek, and one east of Rutland, just north of the ford on 
the west fork. Railway cuttings and road gradings some- 
times here serve the purpose of the student, but unhappily in 
Humboldt county there is little grading of any kind necessary, 
and artificial exposures are not numerous. The railroad cuts 
immediately north of Humboldt show fine exposures of Wis- 
consin, here probably twenty feet in thickness. When fresh 
these excavations probably revealed the contact in question, 
but at present, in consequence of erosion from rains, all such 
features are obliterated. An exposure of typical Wisconsin 
may be seen immediately south of Rutland, where the road 
leading south has recently been graded, directly up the face 
of the hill. Similar exposures are thus in evidence in various 
parts of the county. From what may be observed in cuttings, 
and from well records, the thickness of the Wisconsin prob- 
ably nowhere in this county exceeds fifteen or twenty feet, 
and is often very much less. It is but a thin veneer, as said 
before, everywhere immediately capping the Kansan. At 
Livermore, at the site of the town well, the surface clay does 
not exceed two feet in thickness; near the mouth of Beaver 
creek it is about sixteen feet in thickness, where the under- 
lying Kansan is some seventy feet in depth; an exposure in 
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Weaver township showed for the same deposit a thickness of 
perhaps eight feet, humus and all, while along the alluvial 
plains by the river, as already remarked, and sometimes on 
the upland, there is no trace of the pale deposit at all, only 
here and there a cluster of smooth, hard, recent bowlders to 
give evidence that the Wisconsin ice once did in foaricl visit 
the locality. 

Taking the Pleistocene deposits throughout, their average 
depth is hardiy fifteen feet. The greatest depth reported to 
which a well has been sunk, is 135 feet. This is the well at 
Livermore. The drift here is 132 feet. South of Owl lake 
wells 100 to 120 feet deep encountered no rock. At Renwick 
rock is 125 feet below the surface of the ground. In the west 
half of the county, as already stated, the depth of the drift is 
far less, ranging from nothing to twenty or sometimes fifty 
feet. As far as now known the rocky foundation of the county 
is strikingly even and uniform, dipping to the east and south 
only a little more rapidly than the clayey mantle of the drift. 


SOILS. 


The soils of Humboldt county are strikingly uniform. 
Except the alluvium along the rivers, which in some parts is 
sandy, we have in general the rich black loam of the prairie, 


of great depth and of seemingly exhaustless fertility. The 


topography of the Wisconsin lends itself everywhere to the 
formation of marsh; and sedges, swamp grasses, rushes and 
mosses seem to have covered this latest till from the very 


beginning. The perennial moisture checked the waste by 


fire, andthe amount of organic material and vegetable detritus, 
contributed to the surface soil has been immense. The pres- 
ent methods of drainage bringing all nature’s marsh lands 
under the plow, place at the service of the farmer the accu- 
mulated wealth of ages. Nor is this all. The unusual amount 
of lime, pulverized or in rapidly decomposing pebbles which 
form so prominent and conspicuous an element in the Wiscon- 
sin soils, seems to offer an exceptional foundation for the cul- 
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tivation of cereals of every description, especially wheat. 

Humboldt county, therefore, joins itself to the great wheat 
raising region of the world, a region which stretches far north 
and west, including, in the United States, northern Minnesota 
and the Dakotas. Along the rivers there are a few steep 
banks and sharply eroded, short ravines, which are unsuited 
to cultivation, and have been wisely left to grow up to timber, 

but aside from these limited areas, once the present system 
of drainage is completed, there will be left of untillable land 
in Humboldt county scarcely an acre. 


_ECONOMIC PRODUCTS. 


The natural products of Humboldt county include lime- 
stone, suitable for building purposes and for the manufacture 
of lime, native wood for fuel, and peat These we may now 
consider briefly. 

. Building Stones. 


~The exposures of Kinderhook and Saint Louis limestones 
already described have, from the earliest settlement of the 
county, furnished an abundant supply of rubble-stone, much 
of it of a superior quality. From Dr. Welch’s quarry were 
taken stone for erecting the fine buildings of Humboldt Col- 
lege; this in the early history of the town. From the same 
quarry came the rock for the piers of the bridge of the 
Chicago & North-Western railway, erected in 1881, south of 
Dakota City. In the city of Humboldt quarries are common, 
and numerous handsome stone business blocks attest the 
activity and energy of its people. Indeed, it is said that the 
rock necessary for the erection of the walls of a business 
house in Humboldt may often be obtained in excavating the 
cellar. A beautiful stone schoolhouse, of which we present 
an illustration in figure 16, attests the excellence of the local 
supply for quarry stone. Mr. Bull’s quarry is the only one 
now operated in the city. The rock over the area uncovered 
has been removed, down to what appears to be the old surface 
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Fria. 16. Schoolhouse at Humboldt— 8t. Louis Limestone. \ 


of the Kinderhook limestone. According to reports given by | 
workmen the deeper layers are less valuable. In fact, here, — 
as often elsewhere, the strata of quarry rock are not uniform, 
and for practical use the rubble must be carefully culled. 

Reference has been made, also, to the excellent limestone 
in Weaver township, in the northeast quarter of section 9. 
No better stone for general use can be found than this. It 
is a crinoidal limestone, occurs near the surface, and is quar- 
ried with little trouble. vt 

The flourishing town of Gilmore uses rock from the Gilmore 
quarries. This rock, which is certainly, in its upper beds at 
least, the same as that last mentioned in Weaver township, 
is widely known, has been quarried and shipped in hundreds 
of carloads, having the advantages of railway transportation. 
This quarry is in Pocahontas county. It is mentioned simply 
to show the possibilities in Weaver township if eupatee with 
equal transportation facilities. 

The Stearns quarry, in the northwest quarter of section 3, 
Corinth township, is another excellent exposure of building 
stone. The beds here are much heavier than in most of the 
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neighboring quarries, and rock suitable for bridge piers may 


_ be easily obtained in unlimited quantities. 


Lime. 


Lime has been manufactured from stone taken from all 
horizons of the Ilumboldt county limestones. The oolite in 
particular was at one time extensively quarried at Humboldt 
for this purpose, a fact attested by several well constructed 
kilns still standing, but unused. The lime produced serves 
excellently for local and immediate use, but is said to be ill 
adapted for shipment, on account of rapid air-slacking. It 
appears that at present, even for local use, lime manufactured | 
from the magnesian Niagara limestones is generally imported. 

Sand. 


Sand, suitable for building purposes, is not lacking, and is 
obtainable at various points along the river. The peculiar 
bed of white sand referred to on page 135 has been exten- — 
sively excavated for this purpose, and deserves more phorus 
‘exploration. 

Clays. 


The clays of Humboldt county are not generally well 
adapted to the manufacture of brick or tile. The Wisconsin | 


,contains in general too much lime. Nevertheless, brick 


making has been successfully conducted at Dakota, and the 
court house and jail are built of brick, said to have been 
burned near by. This was many years ago. At present the 
only kilns operating in the county are at Livermore, where 
the Stitch Bros, have been busy some three or four years in 
the manufacture of brick and tile. The clay made use of 
appears to be Wisconsin. It is found ina marshy region, and 
close to the surface. Every effort is made to free the clay 
from pebbles, but, nevertheless, a sufficient number remain to 
make the manufacture of brick uncertain. Messrs. Stitch 
manufacture soft brick only, and many of these are rendered 
worthless by pebbles of limestone, which in process of manu- 
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facture burn into quicklime. But, notwithstanding all diffi- 
culties, the firm manufactures brick, and’sells them at the 
rate of from 200,000 to 300,000 per year. The company is 
more successful with tile, which require, it appears, less burn- 
ing. Tile are burned at the rate of 300,000 or 400,000 per 
year, and the demand exceeds constantly the present capacity 
of the plant. Ft. Dodge coal is the principal fuel used. 
Taking into account the unusual difficulties to be overcome, 
the enterprise is a remarkable success. 


Fuel. 


The fuel of the pioneer was wood. The forks of the Des 
Moines and the larger streams of the county were originally, 
more or less, continuously fringed with native woods. This 
native forest afforded the early settler at once shelter and 
fuel in advance of the advent of railways or the possibility of 
supplies from without. The original trees are mostly gone, 
but in their places stand luxuriant groves of ‘‘ second growth, ”’ 
which, by judicious cutting, furnish their owners an abundant 
supply of the finest fuel, and may continue so to do for 
indefinite years to come. Besides these natural timber sup- 
plies, the results of almost universal tree planting on the 
farms are now apparent. Everywhere are groves, many con- 
taining trees of considerable size, so that the artificial forest 
of the county to-day furnishes no inconsiderable amount of 
the fuel used by the agriculturists. Humboldt county can 
easily raise its own fuel without seriously trenching at all 
upon its tillable land, at least beyond that which is necessary 
to afford the shelter of trees to the homes of its people. 

The prospect that coal may be mined in the county is not 
encouraging. ‘The coal measure exposures, as we have seen, 
are very narrow in extent, and even then are, for the most 
part, barren. It is possible that coal might be found in one 
or other of the localities where the coal measure shales crop 
out, but the chances are that the quantity discovered, if any, 
would be insufficient to pay the expenses of exploration. At 


WATER SUPPLY. 145 


least, so long as abundant supplies can be obtained with so 
much convenience in the adjoining county south, it is not 
likely that much effort will be made to use Humboldt county 
coal. 

There is, however, another natural fuel supply present in 
considerable amount in the eastern part of the county, which 
seems to merit greater attention than has hitherto been 
accorded it. I refer to fields of peat. Almost every marsh 
in Lake and Norway townships contain peat, in several places 
in quantity sufficient to be worth considering as a fuel supply. 
Geologically considered, peat is the youngest member of the 
coal series, anthracite, soft coal, lignite, peat, 2. @, coal is a 
consolidated peat, peat an imperfect coal. Its combustibility 
has been abundantly shown in Humboldt county. The drain- 
ing of Owl lake has left a large body of peat to dry along 
what was the north shore, and this has recently taken fire and 
burned over many acres, to the depth of several feet, leaving 
vast beds of ashes and half-burned organic matter. A similar 
combustion has recently taken place on the west side of sec- 
tion 2 of Lake township. It will surprise some people to 
learn that peat has a higher heating power than dry wood. 
The distinguished chemist, Remsen, estimates the calorific 
energy of bituminous coal at 75, dry peat at 48, and dry wood 
at only 28; peat is, pound for pound, 75 per cent better than 
wood. Unfortunately, in this country, peat has never been 
widely utilized, and a supply of fuel, which certainly will one 
day be needed, is now suffering indiscriminate waste. 


Water Supply. 


The two branches of the Des Moines river are unfailing 
sources of water supply for the western and central portions 
ofthe county. Indian creek, a perennial stream, finds its source 
in a beautiful spring, Indian spring, which, with a temperature 
of 54° F., wells up through a bed of white sand, in the Nw. 
qr. of the Sw. ¢ of See. 21, in Corinth township. The spring 
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is on a level prairie, only about twenty-five feet lower than 
the highest land in the neighborhood. Wells on the adjoin- 
ing farms furnish unfailing supplies of water, from a depth of 
fifty feet. An effort was made some time ago, by filling up 
the spring, to make the water rise higher. The result was to 
convert what was formerly a beautiful pool into a miry 
morass. The spring might be made an attractive resort. 
Another spring of considerable volume furnishes the principal 
water supply of the town of Humboldt, and all along the west 
fork, at least, springs are abundant. However, for the county 
at large, the water supply is from deep wells, generally sunk 
in the drift, though, in the western townships, often in the 
limestone rock, as heretofore described. 


Water Powers. 


Both branches of the Des Moines afford water power and 
convenient mill sites. Mr, C. H. Brown owns a fine flouring 
mill at Dakota, an excellent water power, which has been in 
use'a great many years. A similar power drives the mills of 
Humboldt. Rutland, as it appears, once possessed a like 
advantage, and is now attempting to restore it. 

In short, from an economic standpoint, the county before us 
is abundantly furnished with all that may contribute to the 
wealth and prosperity of a happy people; soil of exceptional 
depth and fertility, remarkable even in fertile Iowa, waters 
abundant and pure, springs and perennial streams, limestones 
to furnish building material for all time, native groves to 
beautify every stream and furnish, if cared for, fuel for gen- 
erations to come, planted groves that well might make the 
prairie wooded,—such a county needs no praise; it is itself its 
own encomium. 
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FORESTRY NOTES FOR HUMBOLDT COUNTY. 


A glance at the accompanying list of forest trees native to 
Humboldt county is sufficient to show that we have here 
nearly all the species commonly occurring in other more def- 
initely wooded regions of the northern United States. This 
of itself is enough to refute the old but yet persisting opinion 
which would maintain that the prairies have in themselves, in 
their very make-up, something inimical to the growth of 
woodland species. Humboldt county is a typical prairie 
county, and yet certain localities were, until recently, covered 
with heavy timber. Walnut, oak, elm, linden and ash grew to 
dimensions suitable for the mill. Trees eighteen to thirty 
inches in diameter were not uncommon. These were in the 
rich soil of the creek and river valleys, the finest, perhaps, 
near the mouth of Beaver creek. Certain species of trees 
have been planted over the prairie and have, in the main, 
done well; but the drought of recent years has destroyed 
some of those thought to be most suitable for prairie planting, 
notably cottonwoods and poplars. But trees will grow in 
Humboldt county anywhere, if planted and protected. The 
fact remains, too, that the trees in every way best adapted to 
general planting in Humboldt county are those originally 
found growing there. For ornamental trees, for instance, 
none are more beautiful than wild plums and crab apples, and 
these are native. Hawthorns and sumac may be used effect- 
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ively for the same purpose. These will all grow anywhere, and 
it is a matter of wonder that for decorative purposes they are 
not more generally employed. The native oaks, hickories and 
walnuts cannot well be transplanted from the woods, but in ~ 
good soil, if cultivated, they grow from the seed much more 
rapidly than is generally supposed. The hickories, and 
especially the bur oaks, have, in Towa, been so far proof 
against all drought. The bur oak grows slowly, but it is by 
all odds the hardiest tree we have. Since our agriculture is 
now becoming established, our occupancy of the country per- 
manent, as we begin to build permanent houses and barns, it 
is at least time to inquire whether our temporary tree plant- 
ing, which involved the use of soft woods, rapid growers only, 
‘should not now begin to give way to something permanent | 
and enduring? Is it not proper to introduce in appropriate 
places on our farms, and especially about our homes, trees 
of slow growth indeed, but trees which will endure to the 
enjoyment and shelter of the generations to follow us, which 
shall form part of our real estate, permanent, abiding as the 
soil itself? In the older parts of the world, primeval forests 
are few; all, or neazly all, of the present forests are artificial. 
We are rapidly, in the United States, approaching a condition 
of affairs when the same thing will here be true, and trees of 
the more valuable sorts will characterize, not forest reserva- 
tions only, but be, in fact, a part of the product of every well 
tilled farm. When that time comes the trees which the 
pioneer found growing in each locality will doubtless be found 
the most. valuable species for permanent and profitable 
plantations. 

The peculiar distribution of forest and prairie in Humboldt 
county to-day corresponds probably pretty closely with that 
discovered by the earliest civilized residents. Before the 
advent of civilization the principal check to the general exten- 
sion of forest domain was found, not so much in the variation 

of the soil, as in the prevalence of prairie fires. The trees 
were limited to the oecupancy of those parts of the country 
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less severely visited by the perennial conflagrations. The 
present distribution of woodland and prairie in Humboldt | 
county affords a striking illustration of this fact. Sometimes 
prairie fires came late in the fall, after the frosts had 
thoroughly killed the prairie vegetation, or in the spring, 
after the snows were nearly gone. They moved in general 
from the west. In such conflagrations seedlings and small 
trees universally perished, where exposed to the fires’ full 
heat. Special localities, however, favored trees. Thus a 
sandy or rocky hilltop afforded no fuel, and the young tree 
survived. Lowlands generally were unfavorable to fire. 
Sometimes too wet to burn; sometimes subject to overflow, 
and deposition of new soil covering all fuel. In Humboldt 
county, as the present distribution of the timber shows, it 
was sometimes the river, sometimes a marsh, sometimes a 
steep bank, sloping to north or east, and on this account more 
moist, longer covered with snow in spring, that gave refuge 
and respite to the trees. In Wacousta township the woods 
are mostly east of the river, near Bradgate they are on both 
sides, protected on the west by bluffs, on the east by swampy 
or marshy ground. In the central part of Avery, down about 
to the west line of Rutland, the fires seem to have swept 
everything on both sides of the stream, crossing readily by 
the generally low banks. Further east, and in the vicinity of 
Humboldt and Dakota City, steep bluffs again gave foothold to 
the woods. The mouth of Indian creek, on the west fork, 
and the lower valley of Beaver creek, where that stream 
enters the east fork, offered to the trees the advantage of 
both conditions favorable to the retention of moisture, the 
steep bluff and the lowland. There are beautiful groves 
along the east fork, successors of primeval forest areas, 
whose existence in the midst of a prairie county must be 
explained by reference to similar topographic conditions. 
The following list of the trees and shrubs of Humboldt 
county is believed to be reasonably complete.g For its 
accuracy the author is much indebted to the assistance of 
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Miss Mae Webber, who has long enthusiastically studied the 
flora of the county.* 

Tilia americana lL. The Linnwood or Basswood tree; com- 
mon in all the native groves of the county. and occasionally 
planted. 

Xanthoxylum americanum Mill. Northern Prickly ash. 
Quite common. Abundant near the mouth of Beaver creek. 
Sometimes attains a height of ten or twelve feet. Orna- 
mental; otherwise of small value. 

Acer saccharinum Wang. Hard maple, Sugar maple. Scarce, 
occurring chiefly along rocky banks, and in rich alluvial soils. 

Acer dasycarpum Ehrh. Soft maple, Silver maple. Com- 
mon along streams, and everywhere planted for artificial 
groves. For this purpose the most useful tree in Iowa. Its 
rapid growth and hardy vigor adapting it particularly to our 
prairie conditions. 

Negundo aceroides Moench. Box elder. Common every- 
where along streams, also universal in cultivation, though not 
so general in plantations as the last species. Less hardy, 
also, than the Soft maple; more sensitive to drought and to 
winter changes. . 

Rhus glabra L. Sumac, Smooth sumac. Common on hill- 
sides near the wooded regions. Small in stature; not attain- 
ing anything like the vigor exhibited in some quarters, but 
manifestly holding its own. | 

Robinia pseudacacia L. Locust, Black locust. Common in 
cultivation, or escaped from early plantings. Probably not 
indigenous. | 

Gymnocladus canadensis Lam. Kentucky coffee tree. 
Planted for ornament. Not native. 

Gleditschia triacanthos L. Honey locust, not native. Occa- 
sionally seen in cultivation, 

Prunus americana Marsh. Wild plum. Common. 

Prunus virginiana L. Choke cherry. Not uncommon along 
the rivers, especially in rocky places. 


*The nomenclature in this list is that of Gray’s Manual, 6th ed. 
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Prunus serotina Ehrh. Wild cherry. Not common. Here 
and there along the rivers. 

Pyrus coronaria L. + American Crab apple. Everywhere 
common on hillsides, especially in the neighborhood of the 
streams. Sometimes forming small clumps or thickets where 
there is no other tree, by the smaller streams, or even in 
ravines. One of our most delightful native trees. The 
American forest shows nothing more beautiful, nothing 
sweeter than a crab apple in the perfection of its bloom. 

Crategus coccinea L. Common hawthorn. Not rare along 
the sandy flood plains of the rivers. | 

Crategus coccinea L., var. mollis, Torr & Gray. Red haw- 
thorn. Not rare. Recognized in late summer by its large, 
edible, bright scarlet fruit. 

Crategus tomentosa L. Occurs sparingly in the southern 
part of the county, Reported, also, from the northeastern 
corner of the county. Fruit larger, dull red or orange. 

- Amelanchier canadensis Torr & Gray. Shadbush, Service 
berry, Juneberry. A few along the river near Beaver creek. 

Cornus asperifolia Mx. Dogwood. Reported not rare. 

Cornus stolonifera Mx. Red-osier dogwood. . Reported from 
the southern part of the county. ! 

Sambucus canadensis L. Common everywhere, especially 
in hedgerows, gardens, etc. 

Viburnum lentago L. Black Haw, Sheep berry. Not infre- 
quent in thickets along the streams. 

Viburnum prunifolium L. Black Haw. Occurs sparingly 
with the other. Both species of haw are becoming extinct in 
Iowa, unable to endure the close pasturage, and the browsing 
to which, in our torrid summers, all shrubby vegetation is 
more and more subjected. 

Cephalanthus occidentalis L. Buttonbush, not rare in wet 
places by the rivers, and on sandy islands. 

Fraxinus americana L. White ash. Not uncommon in all 
the wooded region, and not infrequently planted. A most valu- 
able tree. . ; 
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Ulmus fulua Mx. Slippery elm, Red elm. Not uncommon. 

Ulmus americana L. American elm, White elm. Very com- 
mon along all streams, and now everywhere planted. Speci- 
mens south of ‘‘Owl lake’’ were observed, eighteen inches in 
diameter. Our most valuable street and general shade tree. 

Celtis occidentalis. Hackberry. Rare. A few reported from 
the southern part of the county. 

Morus rubra L. Not indigenous. Planted in some localities 
for hedgerows and wind-breaks, where it appears hardy and 
efficient. 

Juglans cinerea. Butternut, White walnut. Not uncom- 
mon along hillsides and by the streams. This tree grows 
rapidly from the seed, in good soil, and would make a valu- 
able shade tree as part of a plantation. 

Juglans nigra L. Black walnut. Not common. Reported 
as once abundant along all the streams of the county. This 
species also comes on, in good soil, rapidly from seed, but 
does not bear transplanting. , 

Carya alba Mott. Hickory. Small trees of this species are 
not uncommon on higher ground, in the wooded regions, 
especially along the east fork. A very hardy species. Stands 
the drought and abuse of all kinds remarkably well, and fur- 
nishes most valuable timber for wood. 

Carya amara. Bitternut, Pignut. Common in similar loca- 
tions with the last species. By far less valuable. 

Betula papyrifera Marshall. White birch. Occurs in culti- 
vation, and is reported ‘‘abundant along the Boone river, 
east.’’ Perhaps comes within the limits of the county in the 
northeast corner. 

Corylus americana Walt. Hazlenut. Very common, espe- 
cially on hillsides. ) 

Ostrya virginica Wild. Ironwood, Hop-horn-beam. Occurs 
sparingly along hillsides, on both forks of the river. 

Carpinus caroliniana Wild. Ironwood, Blue beech, Water 
beech. On rocky banks, near the water’s edge. Reported 
formerly common. Certainly less common than the preceding. 
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Quercus alba L. White oak. Not uncommon on the high 
ground near the rivers. ais 

Quercus macrocarpa Michx.. Burr oak. Very common, by 
far the most common oak in the county, as it is the most 
hardy. Found everywhere, in good soils and poor. A fine 
grove of them in the sandy soil north of the ford in Rutland 
township, section 34. Often makes a grove of more or less 
stunted trees, far from any other trees, and so everywhere 
constitutes, toward the west especially, the van-guard of the 
forest. Excellent, both for wood and lumber, for all pur- 
poses requiring strength and durability. A tree of slow 
growth. | 

Quercus coccinea Wang. Scarlet oak, Black oak. The form 
occurring is that common throughout Iowa. This is neither 
Q. coccinea, as described, nor yet Q. coccinea, var. tinctoria. 
The scales of the cup are yellowish, downy, instead of being 
glabrate and close adpressed, as the type should be. Com- 
mon in all the native groves. 

Quercus rubra L. Red oak. Not i phtedilent on uplands in 
all the wooded districts. Large trees of this species are 
reported from the valley of Beaver creek, and from the east 
fork. 

Quercus coccinea Wang., var. tenctoria Gray. Is reported 
to have been represented, not long since, by large trees. 

Salia nigra Marsh. Black willow. Common along the 
streams. ‘ 

Salix cordata Muhl. Reported rare; ‘‘a few specimens 
only.”’ 

Populus tremuloides Michx. American aspen, Quaking asp. 
Common all through the wooded portion, especially at the 
edge of the woods, and in low grounds. 

Populus grandidentata Michx. lLarge-leafed aspen, poplar, 
Quaking asp. Common on high ground everywhere in the 
native groves. A tree of rapid growth, short-lived, but use- 
ful as a nurse for more valuable and enduring species. 
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Hopes monilifera Ait. Si Gortonwooen N eclanes panlat. ars: 
Common throughout the county, and commonly planted. 
Surprising to relate, some of the planted trees in the higher ; 
situations have, in these later years, succumbed to drought. 

— Populus dibatata Ait. Lombardy poplar. cbs commonly 
“planted. The species is not native to the United States, and, 
although a favorite ornamental tree in many localities, is, 
nevertheless, short- lived, and, on the whole, unsatisfactory. 
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INTRODUCTION. 
LOCATION AND AREA. 


Story county occupies the geographic center of the state, 
and comprises the usual sixteen congressional townships com- 
, mon to interior counties, containing approximately 576 square 
miles. It is bounded on the north by Hamilton and Hardin 
counties, on the south by Polk and Jasper, while Boone 
county bounds it on the west, and Marshall forms its eastern 
boundary. Geologically the county is of some interest, for, 
while lying wholly within the area credited to the coal meas- 
ures, it is now known that a detached area of the Lower Car- 
boniferous of considerable dimensions appears in the western 
portion. Anditis, perhaps, worthy of mention that the county 
serves to connect areas already reported on; Boone, in vol- 
ume V, and Polk and Marshall, in volume VII of this Survey; 
while the field work in Hardin is practically completed. 


PREVIOUS GEOLOGICAL WORK. 


In the early history of the state the area under consider- 
ation possessed little to attract the civilian, the geologist or 
the physiographer. The immature character of its surface, 
with its numerous ponds and marshes and its general prairie 
character, proved uninviting to the husbandman familiar with 
the wooded hills and dales of the east. The all but perfect 
concealment of the stratified rocks by the ice debris, and the 
general surface monotony, did not appeal to the pioneer geol- 
ogist as the ‘‘land of promise.’’ The. chief thoroughfares 
across the continent lay outside its borders, and’ hence 
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specific geologic mention comes late in the history of the 
state, although the county was within the general area 
mapped by Nicollet as early as 1841. 

The classic works of Owen and Hall, who laid the founda- 
tion for all subsequent geologic work in the Mississippi val- 
ley in general, and in Iowa in particular, possessed but a 
word concerning either the physical features or the natural 
resources of Story county. 

The first specific reference to the geology of the county is 
to be found in White’s* Geology of Iowa. Here the beds 
exposed along Onion creek are mentioned, and definitely 
referred to the Saint Louis and dismissed without further 
comment. In his discussion of moraines White makes men- , 
tion of the ridges and knobs in northwestern Story, and inti- 
mates their probable morainal character. | 

A decade later Uphamt visited the field, and definitely 
mapped the Gary moraine across the morthwest corner of the 
county. 

Aside from the above reports, McGeet records certain 
observations concerning the Skunk river system, and con- 
siderable data as to the details of the region have been col- 
lected and recorded by the students in the geological depart- 
ment of the Iowa State College. 


PHYSIOGRAPHY. 
TOPOGRAPHY. 


’ The region is almost entirely included within the area 
covered by the last drift sheet, and is characterized by gen- 
éral topographic immaturity. There is an entire lack of con- 
cordance between the drainage lines and the salient features, 
as the streams have exerted very little influence in shaping 
the topography. The surface is gently rolling, and, when 
‘viewed broadly, departs very slightly from a plane. It isthe 


*Vol. II, pp. 259-260, Des Moines, 1870. 
+Ninth Annual Report Geol. and Nat. Hist. Surv. of Minnesota, pp. 288, et seg. Saint 


Peter, 1891. 
+BEleventh Ann. Rept. U.S. Geol. Surv., p. 357. Washington, 1891, 
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typical saucer topography so characteristic of the younger 
drift sheet. 

When examined in detail the surface is notably scalloped by 

crescentic chains of ridges and kame-like aggregations, which 
suggest interrupted recession of the ice and tend to break the 
monotony of the general surface relief. The most note- 
worthy of these ridges is the Gary moraine, which crosses the 
northern portion of the county. The Gary moraine enters 
the county from Boone, about two miles south of the Hamil- 
ton county line, traverses Lafayette township from north- 
west to southeast, just below Keigley’s branch, crosses Skunk 
river at Soper’s mill, trends north of east and joins the Alta- 
mont moraine almost due east of Zearing. Spurs are given 
off in the form of concentric loops, the first of which passes 
west of Roland between Long Dick and Beaver creeks, a sec- 
ond appears between Roland and McCallsburg, and a third 
separates the latter place and Zearing, thus showing that the 
contraction of the ice tongue was not only longitudinal but 
lateral as well. The continuation of the outer ridge of the 
moraine to the westward is known as “‘ Mineral Ridge,’’ an 
outlying spur of which bears the name of ‘‘ Pilot Mound.”’ 
. The width of the morainal tract varies greatly. In the 
western half of the county the belt extends almost to Ames, 
indicating that the recession was extremely dilatory. In the 
eastern half the ridged portion varies from one to three miles, 
and the differential relief is less pronounced. 

A second morainal tract enters the county near the middle 
line of Washington township, appears as mild ridges at Kelly, 
fades out toward the river, but reappears much accentuated 
in northern Union and in southern Grant townships, where 
kame-like aggregations are.a prominent feature. It con- 
tinues across Indian Creek and Nevada townships, turns 
southward and spreads out over New Albany and northern 
Collins townships and fuses with the Altamont. Maxwell 
hill, a marked eminence rising more than 100 feet above the 
surrounding country and lying immediately west of the town 
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of Maxwell, appears to be an outlying spur belonging to this 
system. This hill is more than three miles in length, averages 
from one-half to a mile in width, trends northwest and, as 
revealed by road cuts, is composed of more or less stratified 
sands and gravels. Only bowlders of small size are present, 
and the hill possesses the essential characters of the kame. 
Outside of the morainal tracts, and away from the imme- 
diate vicinity of the larger streams, the surface is but little 
dissected. Chains of kettle holes and swales with a prevail- 
ingly northwest-southeast trend, connected only in the spring- 
time or during seasons of protracted wet weather, and sepa- 
rated by complimentary systems of hummocks and ridges, the 
local inequalities seldom exceeding twenty or thirty feet, — 
these are the features which characterize the great inter- 
‘fluviatile and inter-morainal areas of the region. The 


majority of the secondary streams have cut back but a few. 


furlongs, or at most but a few miles, into this maze of kettles 
and sloughs, while well defined channels of tertiary branches 
are usually measurable in rods only. The most vigorous topo- 
eraphiec features are to be noted where the lateral tributaries 
break through from the water-sheds to the valleys of the 
major streams. In short, the valleys of the master stream 
and its largest confluents are encompassed by belts of broken 


land which comprise the most rugged features to be found in 


the region. 

In the extreme southeastern corner of the county, outside 
of the Altamont moraine, is to be found a sample of erosional 
topography, where the physical features are not only in har- 
mony with, but are the result of, the drainage lines. The 
area comprises scarcely more than a square mile. 

The highest point in the county is on the Gary moraine 
near Summit, with an altitude of 1,075 feet, and the lowest 
level is reached on the flood plain of the Skunk, where that 
stream makes its exit from the county, at an elevation of 830 
feet above tide. 
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_Fic. 16. Profile of the Chicago & North-Western railway. 


TOPOGRAPHY. 163 


In the subjoined table the elevations of 


‘the most important points in Story county 


are tabulated alphabetically. 
Table of Elevations. 


PLACE. AUTHORITY. 


Altitude 
above tide 
water. — 


Altamont moraine near Collins| 1022 | Barometer. 
Altamont moraine near Colo.| 1016 | Barometer. 
926 


NMOS Mas feet tie ciststen aly oe C. & N.W. Ry. 
Blooming tone irs saystecre 2, 1041 | Barometer. 
Cambridge reat tw siticlits 854 | (., M. & St. P. Ry. 
Collinsemge Te satu cra tiaren 997 | C., M. & St. P. Ry. 
WOlO RNA dere ect MAE an 981 |] C.& N. W. Ry. 

BN Wel lt ealcie cl hnceeteeige sik aa cee 983 | C.,.M. & St. P. Ry. 
Gary moraine near Summit ..) 1075 |} Barometer. 
Gilberts sessonok aakh sve Shan 1003 | C. & N. W. Ry. 
URLS ete ceeto gle ends yee sole 1031 | C., M.& St. P. Ry. 
Keelhy. rade ac aang Bea kyh eS 1035 | C. & N. W. Ry 
Maxwell ict icc sactake occ 866 | C., M.& St. P. Ry 
Nevada rec ayaday Ht Selsahoe's 1005 | C. & N. W. Ry 
Ontario ei Meech ante irs 1005 | C. & N. W. Ry. 
SHeldah ere niys cacy ele eiicteehe 1042 | C. & N. W. Ry. 
Slater wryet seca es calcutta 1082 | C., M.& St. P. Ry 
Story Cityeis-t. okie seis ees 1022 | C. &N. W. Ry. 
Summit......:. eas Nien Ores 7 1056 ! Barometer. 

DRAINAGE. 


- The drainage lines are but poorly devel- 
oped. The larger streams have apparently 
reopened, in part at least, pre-Wisconsin 
channels, and have taken on the aspect of 
mature streams. They are, nevertheless, 
characterized by a dearth of small tributar- 
ies. Undrained areas are every where com- 
mon on the upland, and at many points can 
be found within a stone’s throw of the bluffs 
which border the best developed valleys. 
In scores of sections which constitute the 
watersheds, the water which falls upon 
them, save during periods of very high 
water, cannot escape save through seep- 
age, evaporation or tiling. Many of these 
ponds persist throughout the year. 
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Seven-eighths of the run-off of the region finds its way to _ 


the ‘‘Father of Waters’’ through Skunk river, while small 
areas in the southwest and northeast corners of the county 
contribute to the Des Moines and Iowa drainage systems 
respectively. 

The Skunk River System.—As has been said, the Skunk river 
with its tributaries afford a convenient outlet for the surplus 
waters which fall upon the major portion of the county. The 
Skunk proper traverses the county in a general north and 
south direction, separating the area into two unequal parts. 
It enters the county from the north and, crossing back and 
forth the line which separates the western tier of townships, 
has a general southerly course until reaching Union township, 
where the stream veers abruptly eastward and then continues 
southward, dividing the township into east and west POruene 
that are almost equal in area. 

On physiographic grounds the stream is readily divisible 
into two parts. The first comprises the portion from the 
point where the river enters the county to the great bend 


Fic. 17. Gorge on the Skunk river, at Soper’s mill. 


' DRAINAGE. 165 


about two miles north of Ames, and is characterized by a 
comparatively narrow valley, which in places, as at Soper’s 
and Hannom’s mills, narrows to a gorge and is rock-walled. 
At such points the stream has all the characters of adoles- 
cence and is still in the channeling stage, or at most has 
made but little progress in the formation of a valley. At 
Story City the trench cut is scarcely more than twenty-five 
to thirty feet below the general upland. The channel deepens 
gradually to the southward until the Gary moraine is reached, 
where the bluffs rise from fifty to seventy feet and increase 
to upwards of 100 feet at some distance away from the stream. 


Fria. 18. The Skunk river, below Hannom’s mill. An example of an unstable channel. 


Numerous embayments appear in the bluff boundary on the 
west. The most noteworthy of these appears at Hannom’s 
mill. Here an embayment, occupying approximately a square 
mile, trends northwest from the great bend which marks the 
terminus of the newer portion of the stream. 

The lower course of the Skunk is strikingly different from 
the upper. From Hannom’s mill southward the valley rapidly 
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widens to a mile near Bloomington, nearly three miles at 
Ames, and averages about two miles in width throughout the 
remainder of its course in the county. In Polk county it 
attains an even greater width. Through this broad alluvial 
flat, outlined, but not confined, by low banks of its own mak-. 
ing, the present stream pursues a most tortuous course, 
touching the restraining’ bluffs here and there, but at no 
point south of Ames revealing the country rock. Deserted 
channels in all stages, from crescentic lagoons, almost silted 
in, to the fresh cut-offs, attest the complicated meanders and 
the numerous attempts of the stream to straighten its course. 
When closely inspected the stream bottom is seen to be very 
uneven, and to consist of a series of basins separated by 
broad, fan-shaped sandbars. Often during the late summer 
season, or during periods of extended drouth, the stream con- 
sists of a series of detached ponds, some of which are ten feet. 
or more in depth, and only connected by sub-surface cir-- 
culation through the gravel fans. The entire assemblage 
of superficial features are those characteristie of an old 
stream. Wells sunk at Ames and Cambridge, on or near 
the flood plain, tell the same story. The country rock 
is reached only after penetrating from eighty to upwards of 
100 feet of alternating beds of glacial and fluviatile materials. 
From the great bend in the Skunk, north of Ames, to the 
point where the river crosses the Polk county line, a distance 
of sixteen miles, as the crow flies, the fall is about sixty feet, 
or an average gradient of less than four feet per mile. To 
follow the stream meanders would more than double the dis- 
tance, and hence halve the gradient. From the same starting 
point to the Hamilton county line, the direct route is about 
ten miles and the total vertical fall is 110 feet, or an average 
declivity of eleven feet per mile. Taking into account the 
Sinuosities in the stream the gradient would be reduced, at 
low water, to about five feet per mile. In both sections the 
impotency of the stream is clearly due to lack of volume 
rather than to lack of gradient. Thus is readily seen the 
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reason for the stream’s multiplied velocity and great destruc- 
tiveness at flood time. This destructiveness is increased by 
the additional velocity gained by ignoring the great majority 
of the meanders and taking a direct route. 

At Bloomington the bluffs rise more than 120 feet above the 
flood plain; at Ames they are reduced to scarcely more than 
fifty feet, while in southern Grant, and in Union township, 
they again rise to fully 100 feet above the bottom land. The 
most important tributaries of the Skunk are Keigley’s branch, 
Squaw, Walnut and Ballard creeks from the west, and Long 
Dick and Bear creeks from the east, while the various 
branches of the Indian, Clear and Willow creeks belong to 
the system, but become confluent outside the area under con- 
sideration. 

Keigley’s branch crosses Lafayette township diagonally, 
from northwest to southeast, and joins the Skunk at Soper’s 
mill, about one mile south of the township line. The course 
lies just within the main body of the Gary moraine, and the 
ereek has done little work in valley cutting. Near its 
embouchure it enters a profound depression, probably a pre- 
glacial channel. The Skunk is manifestly displaced at this 
point, and escapes, through the innermost ridge of the 
moraine, through a narrow, rock-walled gorge. The branch 
flows through a well marked artesian basin, and drains the 
major portion of Lafayette township. Numerous springs issue 
from its banks, many of which persist throughout the year. 

Squaw creek is the most important tributary of the Skunk 
in this section. It enters the region near the middle line of 
section 7, in Franklin township, continues in a general south- 
easterly direction into Washington township, and joins the 
parent stream about two miles southeast of Ames. The 
Squaw is nearly as large as the Skunk above the junction, 
and has all of the more important characteristics of the latter. 
It meanders through an alluvial bottom which varies from a 
sixth to a half mile in width. This bottom is, in turn, included 
within a terrace-bordered valley, of much greater width. 
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Ames, in the main part, is built on a delta-shaped terrace 
which separates the two streams, and the combined depres- 
sions exceed three miles in width. On section 33, in Franklin 
township, is a marked constriction in the valley of the Squaw, 
and the stream bears evidence of being displaced to the south- 
west. North of the point where the creek turns strongly to 
the east a prominent hill rises more than sixty feet above the 
water level, its crest immediately overlooking the creek. 
This hill slopes rapidly away from the stream to a depression 
which crosses the bend. The termini of the depression are 
now occupied by small streams which issue from veritable 
peat bogs. The ridge itself is only one of many similar ones 
to the northward, and is, apparently, merely one of the 
advance guards of the Gary moraine. The elbow in the Squaw 
is probably due to displacement by the ice tongue. — ‘ 
Squaw creek drains less than a township in Story county, 
and its principal tributaries are Montgomery, Onion, Clear 
and College creeks, all entering from the west. Of these, 
Onion creek is rock-bound, the Saint Louis limestone appear- 
ing at numerous points along the lower portion of its course. 
None of these streams have done much work in the way of 
valley-making, although both Onion and Clear creeks possess 
narrow flood plains. All are dry throughout a considerable 
portion of the year, though the upper reaches of Clear and 
College creeks are fed by seeping springs, which issue at the 
base of the loess and persist in these parts, even through the 
driest seasons. ‘Terraces do not appear along any of the 
tributaries, and it seems reasonable to infer that none of these 
had a place in the pre-Wisconsin history of the system. 
Walnut and Ballard creeks have their sources among the 
swales and kettle-holes of the Skunk-Des Moines water-shed. 
From this water-shed they take their sinuous easterly courses 
across Washington and Palestine townships respectively and 
enter Union township, where they parallel, and finally join, 
the master stream. Both have high gradients, and have cut 
from fifty to seventy feet below the upland level in their 
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lower courses. Neither has succeeded in exposing the country 
rock. In all probability both are post-glacial streams. The 
areas drained are about twelve and thirty square miles 
respectively. 

Long Dick and Bear creeks, which enter the Skunk from 
the east, are long, branchless streams, which are little more 
than prairie sloughs through the greater portion of their 
courses, and lie almost wholly within the Gary moraine. 
Both have their sources in Hardin county, cross Howard 
township diagonally to the southwest, and have done but lit- 
tle cutting save near their junctures with the greater stream. 
Bear creek has cut through the drift, exposing the coal meas- 
ure Shales at Roland and the Saint Louis limestone at a 
number of points before escaping from Howard township. 
Both creeks cease to flow during the dry season. Both show 
evidence of appearing at a late date in the history of the 
system. 

Indian creek, with its two unequal branches, Yeats as the 
West and East Indian, of which the former is the smaller and 
joins the larger at Iowa Center, almost completely monop- 
olizes the drainage from the tier of townships terminated by 
Warren and Indian Creek townships on the north and south 
respectively. The stream is a vigorous competitor of the 
Skunk for a considerable portion of Grant and Milford town- 
ships on the west, and has invaded Sherman, New Albany and 
Collins townships on the east. It is an outlet for the super- 
ficial waters of more than a third of the area of the county. 
In vertical cutting the work done by the Indian compares 
favorably with that done by the Skunk; the latter, at its exit, 
having cut less than twenty feet lower than the former where 
it makes its exit from the county. In lateral trenching the 
Skunk is greatly in the lead. The terrace-bordered valley of 
the Indian varies from a fourth of a mile to a mile in width 
from Iowa Center, the junction of the east and west forks, to 
the south line of the county. North of the junction the west 
fork has done very little in the way of depositing alluvium, 
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while the valley of the East Indian gradually narrows until 
at the north line of Nevada township the flood plain is 
scarcely mapable. Indian creek has more and better devel- 
oped tributaries in the southern half of its course than any 
stream in the region, and hence Nevada and Indian Creek are 
the best drained townships in the county. The more mature 
drainage of this portion of the county is not so much a ques- 
tion of stream gradient, but is rather the result of a differ- 
ence in surface materials. In Indian Creek and adjoining 
townships the Wisconsin drift is comparatively thin, merely 
a veneer over the older drift sheets, and the present features 
are dominated largely by the pre-Wisconsin topography. 
Cuts along the roadways reveal the loess in many places, 
with the ferretto zone of the Kansan oftentimes appearing at 
a lower level. Palestine and Union townships are equally as 
well circumstanced, so far as drainage tines are concerned, 
as is Indian Creek, but the old topography is almost com- 
pletely obscured by the later drift. 

Wells sunk on the Maxwell terrace show more than sixty 
feet of alternating alluvial and glacial deposits, and indicate 
that Indian creek has, at least at this point, partially reopened 
an old valley. 

Above the forks characters suggesting an extended career 
are not so apparent. Terraces follow the East Indian to the 
middle of Nevada township, and it seems ‘safe to conclude — 
that a considerable stream occupied the valley up to this 
point at the time of the retreat of the Wisconsin ice. North- 
ward there is no reason to doubt the post- Wisconsin character 
of the stream. Long finger-like projections of the system 
extend across the northern half of the county and even enter 
Hardin county, but afford very inadequate drainage for the 
area through which they pass. 

Clear creek, with its tributary, Willow creek, drains the 
greater portion of New Albany and the northeast fourth of 
Collins township, and joins the Skunk at Mingo, in Jasper 
county. Willow creek occupies a profound depression, all 
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out of proportion to the insignificant stream which at present 
occupies it. The bottom of the trench is from sixty to eighty 
feet below the upland. But very little alluvium has been 
laid. On the Collins township line the stream impinges upon 
the Altamont moraine and is deflected west of south, then 
shifts east of south, and finally turns abruptly to the east and 
breaks through the moraine near the middle of the east line 
of the township. Clear creek has its source in Sherman 
township, occupies a less, important valley, but has done 
about the same amount of cutting. Both streams fail to show 
any of the indurated rocks. 

The Des. Moines River System.—Big creek ‘and Four Mile 
ereeks make their way lingeringly among the ponds and 
glades of Palestine township, and are the only representatives 
of the Des Moines in the county. 

lowa River System.—-Lincoln township and a small area in 
Warren belong to the drainage basin of the Iowa. South 
Minerva creek is the chief represeutative of that system, and 
has its source in the swales about McCallsburg. The stream 
occupies a narrow valley, and affords a convenient gateway 
through the Altamont moraine for the Story City branch of 
the Iowa Central railroad. | 


STRATIGRAPHY. 
General Relations of the Strata. 


Story county lies wholly within the great basin of the west- 
ern coal fields. The frontier of the Iowa coal measures lies 
at least a dozen miles east of the county. In the west cen- 
tral part of the county there is an arching of the indurated 
rocks, and the Lower Carboniferous strata have been pushed 
up through the coal measures, assuming the role of country 
rock over a considerable area. : 

The Pleistocene series comprises at least two distinct drift 
sheets, which are included between and separated by pre- 
inter- and post-glacial deposits which give a clue to the 
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several climatic variations and surface oscillations to which 
the region has been subject. The physiographic features are 
almost wholly expressed in the Pleistocene deposits, as the 
older rocks are essentially below the level of the present 
stream beds, and hence almost entirely concealed. 

The taxonomic relations of the formations represented are 
shown in the following synoptical table: 


GROUP. SYSTEM. SERIES. STAGE. FORMATION. 
R i Wind deposits. 
rece nt. ; 
Alluvium. 
Cenozoic. Pleistocene. Wisconsin | Drift. 
lowan. Loess. 
Glacial. Buchanan?! Gravels. 
Kansan Drift. 
Aftonian? | Gravels. 
Upper Carboniferous s)tn 
or Pennsylvanian. Des Moin’s. 


Paleozoic. Carboniferous 


Lower Carboniferous | Saint 
or Mississippian. Louis. 


It is obvious from the preceding table that the formations 
which occur in Story county belong to discordant series sepa- 
rated by an enormous time interval; a time unit of the first 
magnitude. The entire Mesozoic era is unrepresented in the 
stratigraphic column. The indurated rocks are exposed at 
but few points. The Saint Louis limestone appears sporadic- 
ally along Skunk river, between Ames and Soper’s mill, and at 
several points on Onion creek, in Franklin township, while 
the coal measures are sparsely represented by outcrops along 
Bear and Indian creeks. 

Rocks older than the Carboniferous are not visible within 
the confines of the county, though the well sections at Ames 
and Nevada amply demonstrate that every great period of 
the Paleozoic is represented and appears in.reverse order of 
deposition in a vertical section underlying the county. 
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At. Nevada the following is the sequence and nature of the 
strata penetrated, as determined by Professor Norton, and 
published in his report on artesian wells: 


NEVADA WELL. 


Driller’s Record. 


' n A 
STRATA. 4 i 4 
qé ) 
A A 
ZENG Vay a VOL OWA teste Notchel eos is a pe es Lae od race oratinletape sy CON cose dk and wt 30 30 
A LemA CLARY RV OLU Gerla cin ase aitatps inte lehel ares Duceecereys tic Mig UurSve intra ieee aus Sk ces coals poets Sate 6 36 
QE AOL B UP VOM O Wess aie et teveis enelctae ols b ecstvean witigl srg 2 apse ote h easel es Pes icoibs: 10 46 
DO WS SANG hed ssn ete eee elgals FoR epevnene se Myo ane it ceeet ta oh oc snk peaereereMld eset ak Th opelens epee 55 101 
DA GAC LEAVE CILO Mie wale lays wie sob hele Cheese eo iepece a Topehetrne.a Tosvahy ate lave the cna ear 20, 121 
D3 bp WAC esa elem teree s)e eer slot SEE Sa dish fis sicnayae An Mee ewan ecole segeeeneeee ee 50 wee 
pape al OA ET (2e1 05 EEC) Sea pate Pease ee AT Lamar A PERSP lp DS SR en 75 246 
DAR aS TAB a cts h wvekereleeiee ined ayia tase oo Rea) PUTTS slcvoydhatereiele canes tanta tubal o-s he 3 249 
AD rn Oa BUG gSVALS se ceva steers each cise rela alah have acammlensy Mowat acleraleitucareventiaka aha eos 9 i 252 
LORS Chay aL Gm Oe Ves ele ty peveresstetolons as ie a A iciniadae spray cde are elev oteigcersue aig gaa 267 
LSM Seb TIMES ROC Kessel asia easels eG pese VSRTR cee cle tesa el eeal eg wids teed ale 15 282 
Ligauimebrock, white, mixed, with) flints sve vadbisce. lalsite ees iva sere 50 432 
AG ted Granibera Oly mehr ny Claes Uiewe mis Sere NSO oe,e ela ata asohe ec etee wih sane 50 482 
LD Ma OMIMOS TONE yD LUO i aaieein nie pitt a el cea oa Hh aiseace’ oh Mcustevell dh se iode) ane Sicuts lens 93 575 
MAAS Hale teed yao tae wah orcotele ape Siete ie trade te oteteoe, bee atete tek Mawes targa o> 8 583 
13. Limestone, blue. Aa tebe ee ACR ICR ReT MPRATER as rea cir bas Pe er ee 80 664 
Mf 2 eX SOM SLOW EN tere i ese ie Ne ee le erste rare are, scolar tersv oe TWe, oy) att Sey NSH stgnaraan c eoails eas 8 671 
Pea lImestone swibiberancycccis ie oc wis vinge © ovcsgmle ara atalt el ersvarestol den staaiele 90 769 
LOATH IIMSSEONGS HOLES atlas sass sie ccete Seto siate she eNerqlle ed ats edehetea ook Bate analy Lae ss 40 801 
OSGR Cilia ViplaL UG Aa dicte Maple Meus tap 5a ab otol) Mos SaedavclSha dase salle Seaafaybselisibaaharaeie sks ivedelel 3 804 
SPAHR INTOST OWS OW arses aera ate wherein sce ueneg te iestnnl anal oud ol excekatinateral tues eater oxers 55 859 
Te LATIMER LONE SWI CO aed te are aust coty dal taNel scot ohio rel eetonedt ate acecatuye sichede 40 899 
Gia San Ca rOCK iC ake sear cm chon ce. alee s cuca latte thie teitnrs ued eae ore Ne ae ek dai ake 35 934 
5 pesandurock, wihiter sepa au. as me NE Mee Re ORCS HE Oe Ol GE 10 944 
Ar Sand (POCk: Weds Seven oud euteSseis Ae onal sle Pres iiecatets wnecatnea a eee )2 956 
SpE SanG Frock wil LO.sy.iia cen vies sexe cvariece Gls clste lation yet biota stay sisieretel gs tected 8 964 
PMs Seam) CORPO GAPE CL wet An ees uenen ti cna erae aia iallaas mia Nia loss els oncun saci oR aon gore 4 968 
Tt owisnmestones Whi tec. .ceerudes.: Sarvs « Palace cys eereatys saa 12 980 
Interpretation by Professor Norton. 
NOS. FORMATION. THICKNESS. A. T. 
DO—28. er PACHStTOCOMC seine wicievare custo chaise te ake olosiene 101 904 
WOL24 = (Coal Measures sissy sire vy Sires ose eens vie overt 166 728 
16-18: 2Mississipplan i)... on. sis ttiee owes el iets 216 523) 
Wesco KAR GSPN OOK Mr, eno tiaras eluate soneue ts) iesse 93 430 
Ciel dete OU OURAN rare eid spelen ore ayein ster ouslobeieyavens nerote's 324 106 
1- 6. Silurian, Pancornted SS Pi abnsepelchonsse tesa tests 81 25 


In the above section it is interesting to note the rather 
unusual character of the Pleistocene deposits. Numbers 27 
and 28 are referable to the younger drift, while 26 and a por- 
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tion of 25, when considered in the light of recent develop- 
ments farther west, show the presence of a considerable 
deposit of loess. The top of the coal measures is at least fifty 
feet lower than the west branch of Indian creek, while more 
than sixty feet lower than the uppermost shales exposed at 
the McHose clay pit, one mile west of the mouth of the well. 
The Silurian shows an unusually arenaceous facies, and is the 
principal source of water for the city supply. 

The college well at Ames explores the earth’s crust down 
to a depth of two-fifths of a mile, and is located about ten 
miles due west of the Nevada well. The following is a record 
of the beds penetrated in sinking the well: 


DETAILED RECORD* OF STRATA PENETRATED IN SINKING 
THE COLLEGE DEEP WELL AT AMES. 


NO. OF DEPTH OF 
SAMPLY. DESCRIPTION. SAMPLE. 
1, Till, yellow; sandy to gravelly; upper portion 
moOdifed*into; Soule... raion ace Sottero 1-16 
2 EVV blue SANG Ves wteracion cree eee vee cust flee te * 16-32 
3. Till, blue with some yellow CLAY Ag setae tet 35 
4\ i Gand wyelioweaat.s tauren ae ore . 40-50 
5. Till, greenish-blue, containing an abundance of 


gravel; numerous cherty limestone pebbles 
are present; matrix effervesces freely with 


dilute hydrochloriciacidy: wera, valde ete 40-50 
6. Silt, ash-brown, with a greenish tinge; calcare- 

ous and absorbent, loess-like, but finer....... 62-97 
[tewsilt, slichtly arenaceous. ns ie since meee a oes 102 
Six) Dand,ivery fine michb-yellow...-) mics. vee aes 105 


9. Sand with coarse gravel, water-bearing; limpid 
and vein quartz pebbles abundant; limestone 
fragmentsypresentivy.. nunc cacene cece oe. 110-120 
10 Shale, light, bluish-gray; calcareous and cherty 126 
ll. Limestone, blue-gray, argillaceous and pyritifer- 


OMS rare, cve, «01 seerehevoleeacheuplaten cheese: eter cere elo 151 
12. Limestone, gray, argillaceous, with some limpid 
COTES) ol Rete eye Mes ca CNY IE Ee Ret deerhe Hoh obiG pick ‘160-170 


*The record is based upon sample borings preserved by the foremen of the crewsin charge 
of the work. The writer is alsodependent on the drillers for the data concerning the depths 
at which the samples were taken. There is reason to believe that more than ordinary care 
was observed by those in charge in collecting and correctly locating the samples. Therein 
the record is more complete and reliable than is usual in such borings. Prof. W. H. Norton, 
of Cornell College, has generously lent his skill in unraveling the drillings, for which 
acknowledgments are gladly given. 


NO. OF 
SAMPLE, 


13. 


14. 
518: 
16 
17. 
18 


19; 


20. 
21. 


22. 


23 
24, 


25 
26. 
27 
28. 


29. 
30. 
31. 
32. 
33 


34. 
35. 


36. 
37, 
38. 
39. 
40, 
41, 
42. 


43, 
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DEPTH OF 
DESCRIPTION, SAMPLE, 
Limestone, light gray, soft, even-textured and 
cherty; effervesces very freely with weak HCl 185 
Limestone, slightly argillaceous................ 200 
Limestone and shale...... Sat Sse a rner: FeRAM 210 
Shalerand> limestone wi. see en sass oa npere 240 
Shale, blue, non-calcareous and pyritiferous.... 310 
Limestone, argillaceous, tending toward an ; 


oolitic facies; effervesces strongly with dilute 


iSRGI PAD AU er a Rar aN re CGON rr Maye arama} Rata 315 
Shale, with fragments of white limestone; fos- 

siliferous and pyritiferous................... 320 
Shale, earthly-blue and arenaceous............. 325 
Shale, light, reddish-brown, with some green 

shale; slightly caleareous.. 0.6.5 eee ee ee 330 
Limestone, blue-gray; green shale and brown j 

‘limestone present....... PEM ate NC ee 375 
Limestone, brown, pyritiferous................. 385 


Limestone, brown, with fragments of white 
‘cherty limestone and angular quartz grains 


PRCBOIG Sys Palahe by dial specks scape este ach NM A cect dicog) ata 395 
Limestone, brown, argillaceous................. 400. 
Shale, light gray and highly calcareous........ 415 
Shale, gray-blue, calcareous.................... 416-420 
Limestone, yellowish-gray, with some carbon- 

BCECOUSOIMALCED Kaisnts sleet aiaisl ele odayawih wicteatela cl eme 420 
Limestone, white, compaect...................6- 440-456 
Limestone, white, fossiliferous................. 460-475 
Shale, light, bluish-gray.............. A Aaa 495 
Shale and limestone............ We piss pe she ceatgtacRinke ‘540 
Limestone, white and shale, greenish-blue, non- 

GALCATCOUBIN Gia cy eusyripe dragon UA atens sca) sree bt cts che icre 550 
Shale, ash-blue, calcareous..............2..44.. 560 
Limestone, gray-blue, with fragments of brown 

limestone and green shale..... .... vases Pa vert tats 570 
Limestone, PTAYVCOING vices ori weire ew Rae ay 580 
Limestone, gray, and blue-green shale......... 590 
Limestone, fossiliferous................00e eevee 600-610 
Limestone, gray-brown, sub-crystalline......... 615-640 
Limestone, gray-brown, and shale.............. 645-660 
Limestone, buff, sub-crystalline................ 660-680 
Limestone, buff, earthly luster, soft; effervesces 

moderately when treated with HCl.......... 690 
Limestone, blue and buff; the latter is part 


vesicular and magnesian...........:...0e2 0. 700 


1%5 


176 


NO. OF 
SAMPLE. 
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46. 


GEOLOGY OF STORY COUNTY. 


DEPTH OF 

DESCRIPTION. SAMPLE. 

Limestone, drab, highly argillaceous........... 710 
Limestone, of various kinds; one a buff, earthy 


limestone, finely laminated, and effervesces 
slowly; the laminze are marked by dark gray 


PANSY iyShece Sets mite Bene cate een eenmene iee er Ne 720 
Dolomite liebt oTrayian ev dren serch rela 730 
Dolomite, brown and gray, sub-crystalline; vary- 

ing’ in hardness:and ‘colors. 7. f00 ie lee ie s 740 
Trimestone; DUI aa ae arnt eass eres cle «hi inert tens 750 
Limestone, buff, with fragments of olive green 

shale (the shale was at 775 feet)............. 179 
Limestone, bull kone ear nee e eeeaen ooke 815-830 
Shaleland limestones cepius etavu spteacthelcatmenonere ayctote 840-850 
Dolomite; ash-Or ays tarsi onesies ee aerate orate 860) 
Dolom ibe; weber it a a ereyorsis iat beteroe when ch auete sthicdet ste 870 
Shale, green, plastic, non-calcareous........... 880 
Shale, reddish-brown, slightly calcareous....... 890 
Shale, earthy brown, non-calcareous............ 900 
Shale, blue and green, non-calcareous.......... 930 
Shale, brownish, slightly calcareous............ 940 
Shale, brownish, with white shale.............. 950 
Shale, blue, non-calcareous..................05- 960 
Shale, earthy brown, calcareous................ 970 
Shalejsbl te Fe ete seared ere ese 980-990 
Shale, earthy and calcareous................. 1010-1020 
Shale, blue; calcareous (acta. ce ucsiies clase elke 1030 
Limestone, sharp drillings in an argillaceous 

POW.GOI crc othe teussereye STING Mista tetastlcr heme cee 1040 
himestone; white sauces cesice eure eee 1050-1060 
Limestone, white, with much argillaceous mate- 

Lak OES Paseo um otspe ctalesete att aaa ec onehey 1080-1090 
Limestone, gray blue, with blue shale and white 

CHER Gis hides ace steel cig estore chat aleiepateresers aoe eI caepeeare 1100 


Limestone, gray-blue, compact, with white chert 
in abundance; drillings sharply angular... 1110-1130 


Limestone, same as above, but less cher...... 1140-1170 
Limestone, slightly earthy, gray blue........ 1180-1190 
Limestone, gray blue,’ marly...........%...3.0- 1200 
Limestone, buff, magnesian, marly......... ... 1210-1230 
himestone;-ash-oray. iiracdt scthae caectonte aes 1240-1260 
Limestone, ash-gray, with fragments of non-cal- 
careous, black and green shale.............. 1270 


Limestone, brown, soft 18 fo... haekes ee bee 1280 
Limestone, gray and brown, cherty............. 1290 


NO. OF 
SAMPLE, 


718 


AMES WELL RECORD. 


DEPTH OF 
DESCRIPTION, BAMPLHE. 
Limestone, gray, with considerable reddish- 
brown residual material......0.......6.00.0% 1300 
IIe STONES CHertiyien .wh.UeAy haces aoe ee een sale 1310 
Limestone, gray, with green shale.............. 1320 
Limestone, oray,siliceousin.. cst se. 3. ses sees 1330-1380 
Shale, green, fissile, non-calcareous; fossiliferous 
and pyritiferous.......... Rae ieee ee oe 1385-1410 
Sandstone, fine textured, white; grains even and 
Well Wabter-WORMi. i. Sania Acn ss ees ete « 1420-1460 
Sandstone; calciferous 4/0. sh ovens odd edie lane 1470-1480: 
DOLOMLVC GH Fearn aices sae aay tonsa Malawian Poraccrets 1490-1500 > 
Dolomite and sandstone; beautiful doubly termi- 
nated quartz crystals present................ 1510 
MANCSEOMO Re Nayar: ets ees Pac sahe rads ont eb kanayttos Aco cernuny 1520 
DDOVO MALE es PV hate, ays he ase tereisicte, wash eee ee 1530 
Dolomite, some coarse sand and green shale 
PR CSEWLG  eretntsl eydslise Moved lei, cecteeke Powe gieteis o nsavertis tele 1540 
Sandstone and dolomite; sand varying in grain 1550 
Sandstone, grains angular..................... 1560 
DGIOMUEC Ts recite a ee etd Nee Ge es gantn aust ores 1570 
Dolomite; arenacedus.s 0.66800) ted. wee okie t 1580 
Dolomite, arenaceous and cherty............. 1590-1600 
Sandstone, fine-grained, angular; calcareous 
COMMEND eee eas hear atc daes oe eistos abe stele coistinneteheke 1610 
Sandstone, yellow, with much siliceous dolomite 1620 
Dolomite, highly arenaceous.................. 1630-1640 
Dolomite, white, finely qua’ tzose............... 1650 
Dolomitesarenaceouss: vite ces peae eek fee ee 1660-1680 
Marl, yellow, in an argillo-calcareous powder; 
chertyjand quartz0se i062 Ges h cen ates eee 1690 
TJOLOMELGS Sarriceaayescter sya raue ie vtoreion Gisgorw stoma iols ced ailoyetene 1700-1710 
Dolomite, highly arenaceous...............-. 1720-1730 
Dolomite .......... NS te eTarsuale?a dia vaneless ae sailayhage Ss 1740-1750 
Dolomite, with chert and sand.................. 1760 
SANOStOne rites octets wslslemrimuteiat ae sven chslekeleie sane 1770-1790 
WDOLOMTIRE CR eyo ety she le oleiele chrielectege) Meweeie s \eeiers 1800-1830 
Dolomite; arnenaceOuss: 2s ke ch-j-,crtore,e ese velo ss 55 1840 
Dolomi'e, argillaceous and arenaceous.......... 1850 
IDL Cointiin: Daa aen CORES nombo Speneo oun tehotatoo or 1960-1880 
Dotomiteand-san deg asic sfo.s etelsiele's’an'ia,s «lence 1890-1910 
Dolomite, highly arenaceous.................5. 1920 
DOVOMT tS erate saron oaicdereitiotolansrs shal oe Bi Saga eiaeaioats « 1920 
SANG SOME ryeepeasrtere a eto wcuars evontasaaistsCreles Sacre oF ele 1930 
TOT OTT ESE Iie ech Pteaie ler ot euros otek csoosie.ehsreutvoinlal wala’ s 1950-1960 
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NO. OF DEPTH OF 
SAMPLE. DESCRIPTION SAMPLE. 
115. Dolomite, arenaceous; sand,grains well water- ‘ 
WOLD «+ (80. sternite ine ee eee phere Rets 1970-1990 
116. Dolomite, arenaceous, with green shale...... 2000-2010 
INT A SDolomiter ts 02 3. ating noe ae rer nee sates ee 2020-2040 
118. Dolomite, highly arenaceous:).... 02 .0...25.0. 4. 2050 
LADS “Dol OHaIte Ayakashi iow MST pees eh erapaes el sberereteiatap oats 20860-2070 
120° E Dolomite; arg llaceousina. ocstsesnne case tint 2080 
121. Shale, blue, non-calcareous.........0.5.5..2..0 20% 2090 
122. Sandstone, with dolomite and a little blue shale 2100 
123. Sandstone, white and water-worn; a small per- 
centage of the grains iron-stained............ 2110 
124. Sandstone, white; grains fine, sharp............ 2120 
125. Sandstone, as above, with coarser, well-rounded 
PAIN ios cl averete cyancte lease era Wie le same ucreh ol het ete ietaben sole 2130 
126. Sandstone, white; grains fine, even, well worn 2140-2175 
127. Sandstone, white; texture variable............. 2185 
128. Samdstone, grains stained red with iron oxide; 
red and green shale present; grains larger than 
above, and more angular; iron pyrites and a 
; black metallic mineral present............,. 2195 
129. Shale, brownish-red, arenaceous................ 2205 
130, Shaleysereen tei) cates ste select eels win oe ciate wees wate 2215 
Summary of Formations. 
i. ~~» 
S43 
: : , RB a) 
o Oi | Of 
3 FORMATION, Soi Mee eae 
q oT | et 
3 ‘d Os 
a , cal ic) 
1-9 PTGISCO CONG jcc? wsayoralo ove Horatetad Sepa nmad aeaic cle hele a ableton eet 120 | 1000 
LOSZTS UM SSIS sip PLAN we.l. ts eis remus theses ee Nes a earn oe ees 300 880 
28-AS tir DeV ONIN. F wezevts oe stents) Severe ial ee Le wh RG 310 580 
A259 DO LLULTAIN, rate: iis a dials Suc mie Metencle sa Ay eats Ei MDE aye Meanie pe ea Meade eas 150 270 
54-641 Maguoketar.-s.,.dationtanaarve stent totam eee etre alatat ehovaue: oe RPNG Tice 160 120 
65-82) pi Galena=DRenyony yey pein, do Ven ee cae oicee is ros ice hel ner a ers ORE 380 | —40 
$3845 1| Saint: Petal Magee sacs o cpetAea ye nets Gath cnt aed eM ac ee 70 | —-420 
80121 On Cobapew kecys weal by cataco sls Gavin wlaheremo are, cates Merely s Ciena eae oats 510 | —490 
1 22=130.| Saint Croix (penetrated)'.. 0), tu. oaectoere el Slane tee aioe hie 115 |- 1100 


The glacial debris is, perhaps, 


about the average thickness 


for Story county. The deposits of fine silt reached at sixty- 
two feet outcrops along Clear creek, about one-half mile west 
of the college, where it attains a thickness of twenty feet, 
and ‘possesses the faunal remains, concretions and physical 
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properties which characterize the loess in its typical develop 
ment. The level of the outcrop is somewhat higher than its 
equivalent reached in the well. The silt grades downward 
into fine sand, similar to the sub-loessial sands exposed so 
freely along the southern margin of the Iowan till sheet in 
Polk, Marshall and Tama counties. The drift affords more 
than the usual proportion of sand and gravel. A water-bear- 
ing layer occurs within sixteen feet of the surface, a sand and 
gravel bed ten feet in thickness was encountered at forty feet | 
below the surface, and the superficial deposits terminate in a 
bed of sand and coarse gravel which is also water-bearing. 

The coal measures are not represented in the above section, 
although the utmost diligence was exercised in the search for 
the slightest clue to their presence. Coal is mined at Summit, 
about eight miles north of the college, and 165 feet of shales 
and clays represent the Upper Carboniferous: series at 
Nevada, ten miles east; while at Boone, twelve miles west, 
266 feet.of sandstones and shales may be referred to this 
formation. It is reported that coal was found when sinking 
the well at the Experiment station, about a quarter of a mile 
northeast of the deep well. While this is altogether possible, 
and even probable, it seems reasonably certain from other. 
data at hand that if coal én situ does really exist at that point 
- it ean be little more than a detached basin or ‘‘ pocket,’’ of 
very limited area. It is more probable that the fragments of 
coal which appeared in the slush bucket were derived from 
included fragments in the base of the drift. 

The Mississippian series consists of 100 feet of limestone, 
followed by 200 feet of alternating shales and limestones. 
The Kinderhook shales at the base of the series, which reach 
such a marked development in southeastern Iowa, rapidly 
feather out to the northwestward. The terrain is repre- 
sented by 175 feet of shale at Marshalltown, 93 feet at Nevada, 
20 feet at the college, and is scarcely recognizable at Boone. 

The Devonian is represented, chiefly, by a series of lime- 
stones, and, as in the case of the Carboniferous, is not water- 
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bearing in this locality. The assemblage of beds thickens 
westward, reaching about 400 feet at Boone. | 

Dolomitic limestone, interbedded with thin bands of shale, 
constitute the Silurian. At Nevada arenaceous beds are 
present, and the city draws its water supply from this source. 

The Maquoketa consists of non-caleareous green shales, 
earthy-brown and blue shales, varying in lime content from 
slightly caleareous to strongly calcareous at the base of the 
terrain. The formation thins shghtly westward. 

The Galena-Trenton is represented largely by a massive 
white limestone, highly siliceous in certain layers. The 
silica is chiefly in the form of cherty concretions and limpid 
quartz. The lower portion of the assemblage contains inter- 
callated bands of green shale, and the Saint Peter sandstone 
is crowned by a thick band of highly fossiliferous green shale. 
The drill brought up fragments of this shale which contained 
in abundance the remains of a marine fauna. Pygidia of at 
least two species of trilobites: Dalmanites and Isotelus 
(Asaphus), resembling some forms of 7 gigas DeKay, and 
several species of brachiopods were recognized. Impressions 
of the dorsal valve of Rajfinesquina alternata are perfectly pre- 
served. So, also, some very good specimens of Orthis sub- 
equata and O. fissicosta were found, along with other small 
Orthides, which were not so well preserved, and not capable 
of specific determination. Ail of the fossils brought up by 
the drill are found in typical outcrops of the Lower Trenton 
Shales, but Orthis subequata is the only species whose range 
is limited to that horizon. The Maquoketa, with the Trenton 
shales, forms an impervious roof which effectually prevents 
the escape upward of the water in the great sandstone reser- 
voirs of the Lower Paleozoic. Although the water thus 
imprisoned lies far below the sea level in central Iowa, 
hydrostatic pressure brings it within pumping distance of the 
surface when the shales are penetrated, and thus renders the 
storage supply available. The area of intake in Wisconsin 
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and Minnesota is higher than the average upland surface of 
lowa. 
_ The Saint Peter comprises about seventy feet of strata, the 
‘greater portion of which is composed of white beach sand. 
The constituent grains are remarkably uniform in size and 
well rounded. These layers of water-worn sands are but 
slightly compacted, the drill penetrating about thirty feet 
during a single ‘‘ watch.’’ The lower portion of the terrain 
contains a calcareous cement and is more highly indurated. 
The Oneota is essentially ‘a massive dolomite bisected 
unequally by .a well-marked sand bed. Sandy layers 
appear at other points, and siliceous grains occur in greater 
or less abundance throughout the formation. The principal 
sandstone band is known as the New Richmond by the Minne- 
sota geologists, and is one of the chief water-bearing horizons 
in that state. The Oneota grades downward into shales and 
arenaceous shales, which make an easy transition from the 
Saint Croix sandstone to the massive dolomite above. 
The Saint Croix in central Iowa can be separated into three 
fairly well marked divisions: an upper sandstone, a median 
series of dolomites and shales, and a lower member, which 
comprises sandstones, marls and shales. The upper two are 
known as the Jordan sandstone and the Lawrence limestone 
member is the Basal sandstone, according: to W. H. Nor- 
respectively, of the Minnesota geologists, and the lower 
ton.* Of these divisions of the Saint Croix, the college well 
penetrates only the Jordan, which has a thickness of one 
hundred feet, and ends in the St. Lawrence. The Jordan 
sandstone, with the New Richmond and the Saint. Peter, are 
the great reservoirs from which the well may draw. Their 
ability to contribute to the general water supply, according 
to pumping tests from these horizons, is in the proportion of 
15, to 4, to 1, respectively. 


*Iowa Geological Survey, vol. VI, p. 140. 
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Geological Formations. 


MISSISSIPPIAN SERIES. 


Of the above series, only the uppermost member known to 
occur in Iowa is represented, and appears in the west-central 
part of the county. _White* mentions an exposure of impure 


limestone in this region, and referred the beds to the Saint. 


Louis of Shumard, named after the city whose location is near 
where the rocks of this epoch are typically developed. 

The Saint Louis is supposed to underlie the .entire county, 
and to form the basement for the coal measures. Itis known to 
be the country rock over an irregular area in Franklin and 
Washington townships, and perhaps extends into Milford and 
Howard. The chief outcrops occur along the Skunk and its 
immediate tributaries between Ames and Soper’s mill, and 
along Onion creek, in Franklin township. The beds exposed 
consist, in the main, of impure limestone, but arenaceous 
layers and calcareous shales are usually also present. 

Northward from Ames, an earthy, buff limestone appears 
above the river bed, about thirty rods south of the Wash- 
ington-Franklin township line, and continues in view for afew 


rods. This is the southernmost outcrop of the Saint Louis: 


limestone in the region. 

Perhaps the most typical exposure occurs on the Se. qr. of 
the Sw. + of See. 25, in Franklin township. Here the follow- 
ing section may be observed: 


SECTION I, NEAR BLOOMINGTON. 


FEET 
Oh, oe Dh ot ye eeaer id ile Lee Srp neh Aaa a ae ie Ne 5-10 
4. Limestone, sari ellows very (ana disintegrated and 
rubbly; bedding planes almost eliminated_.___.___- 4 
3... imestone, fossiliferous 2.20" a aN eee if 


*Geology of Iowa, vol. II, pp. 259-60. Des Moines, 1870. 
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‘ 


!. FEED, 
2. Limestone, similar to 4; bedding planes apparent, but 
showing tendency to become marly and assume a fis- 
sileistructure in places. 22 fess gl ee ea 3 
1. Limestone, buff to gray-buff when unweathered and 
massive; layers from ten to twenty inches in thick- 
ness; compact, lithographic\in texture, fracture con- 
choidal to uneven; and earthy when weathered 
COR POSCOY MMT EM Me Grit ate AN Ute aap er cman te ie 6 


Fig. 19. Saint Louis, as viewed near Bloomfield, and described in Section II. X, near 
the top, shows the position of the fossil horizon. 


The lowest layers exposed lie about twenty-five feet above 
low water in the Skunk. The drift cannot be differentiated 
at this point, and apparently only the Wisconsin is repre- 
sented. Limestone fragments are very abundant near the 
base of the drift, and in places the rubble layer graduates 
almost, insensibly into undoubted till. The small stream 
which the quarry faces contains numerous masses of chert, 
which apparently belong to layers higher in the series. The 
parent ledge, to which these fragments belong, is not visible 
n this vicinity. Many of the masses are cavernous, and take 


e 
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on a geode-like character; the cavities oftentimes being 
decorated with well developed quartz crystals, which project 
in towards the center. The cherty layers may be seen tn situ 
at Soper’s mill, where it appears from ten to fifteen feet 
- above the water level. | 

The entire assemblage of beds is characterized not only at 
this point, but over the entire area, by a buff or earthy buff 
color when weathered, and gray-buif to blue-gray when 
unweathered. The beds are lithographic to earthy in texture, 
this depending on the various stages of weathering. A 
Fenestelloid Bryozoan and a Syringoporid coral occur through- 
out the upper half of the section. 

The fossiliferous band is really a reef composed of Cyatha- 
phylloid individuals of very complex forms and entwined in a 
most.complicated manner. The internal coralline structure 
of the individuals represented is entirely destroyed, and the 
molds are filled with crystalline calcite. Associated with the 
corals are the following forms, which leave little doubt as to 
the Saint Louis character of the beds. 

Productus marginicinctus Hall. 

Athyris subquadrata Hall. 

Sptrifer keokuk Hall. 

Terebratula ( Dielasma) turgida. 

Lingula Sp.(?) : 

All of the faunal remains are very imperfectly preserved 
and are obtained only with great difficulty. The fossil-bear- 
ing zone is very persistent and can be recognized throughout 
the area wherever the equivalent beds are exposed. 3 

Two hundred yards north of the preceding section, the 
Saint Louis beds appear on bothsides of a ravine which enters 
the small creek just mentioned. The beds equivalent to the 
upper half of the section just described have been removed, 
and the profoundly planed, grooved and striated surface pre- 
sented by the indurated rocks is but the unmistakable imprint 
of the agent which effected the removal. The striz main- 
tain a constant direction and trend 32° east of south. Two 
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drift sheets and a gravel layer are present. The section is as 


follows: 
SECTION II, NEAR BLOOMINGTON. 


FEET. 

4. Till, pale yellow, slightly oxidized and leached, and 

containing numerous limestone fragments and bowl- 
ders ss. 

3 Gravel and sand, more or less stratified and cross- 

bedded, and carrying numerous greenstone peb- 2 
x] Cee cael acc we SAUNA AA NAAR tay i Mae . y 
2. Till, blue, jointed; stained yellowish-brown along the y 
joint planes; very compact; can only be removed by MN Be 


use of the pick; greenstones predominate ......--- 2 
1 Limestone, gray-buff, compact and massive; the same 
as No. 1, in the first section (exposed) ---..-..-..-- 10 . 


Fre. 20, Saint Louis, planed and scored; two drift-sheets, and inter-glacial 
: deposits present; described in Section II. 


It appears evident that the planing and grooving was done 
during the time of the first glaciation represented by No. 2, 
and that the ice which formed the later till did not touch the 
stratified rocks at this point. 
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In section 26, the low ridge which skirts the flood plain of 
the Skunk on the east appears to be rock-supported, but no 
indurated deposits are visible until the southwest quarter of 
section 23 is reached. East of the wagon bridge, the former 
site of Hannom’s mill--and still known by that name—contin- 
uous outcrops appear on both sides of the flood plain; on the 
south, forming a low bench from which the drift has been 
almost entirely removed, and on the north, appearing at the 
base of the bluffs which have retreated some distance from the 
present stream channel. The river runs against the south 
bank, and the bench is bounded by an escarpment which 
exhibits the following sequence of beds: 


SECTION III, AT HANNOM’S MILL, y 


6 Soiland bowldery wash pO at ea oe to ee 
Limestone, residual and concretionary ----- Mes 4 
4. Limestone, arenaceous, yellowish-gray to blue-gray, 
thinly-bedded and much fractured; in places’ argil- 
laceous, while in others tends towards the massive; 
the fissility is apparent'y a function of weathering; 
small cherty concretions present pr L 


ox 


3. Sandstone, grayish-blue friable; shaly below -------- 2 

2. Limestone, impure, grayish-buff, uneven to earthy frac- 
ture; compact and heavy-bedded .-_. .--...--- wa 4 

iL ‘Limestone, gray-buff, compact, almost lithographic in 
Ghiaracte rc: Se yee eae a NS Berra ee, pare 5) 


The base of the above section is the water level in the river. 
The ‘‘coral reef’’ with its associated fauna bisects No. 1, 
and occurs at a level nearly twenty-five feet lower than at the 
type section near Bloomington. The sections are removed 
from each other about two miles in a northwest-southeast 
direction, presumably coincident with the line of strike. The 
average dip would be therefore about twelve feet per mile 
and only demonstrates the presence of a local undulation. 
The beds exposed north of the flood plain are for all practical 
purposes a duplication of those exposed on the south side. 

North of Hannom’s mill the Lower Carboniferous rocks pass 
from view, being concealed by the Pleistocene deposits until 


( 
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Soper’s mill is reached. Here, as stated in the discussion of 
drainage, the river flows in a new channel, having been 
diverted by the last ice-sheet and obliged to cut directly 
through a hill. The Saint Louis limestone appears in both 
sides of the gorge, and about twenty-five feet of earthy buff 
limestone, with considerable chert interspersed throughout, 
is exposed. The section is very much obscured by talus and 
aril but the following is a fair approximation. 


FEET. 
4. Drift, pale yellow, bluish below, unoxidized and 
APT LORCA aE pone er ne Aaa eet WE 7 AO 
3. Limestone, rubbly, with occasional heavy leaees 2 10 


2 Limestone, cherty, concretionary, cavernous; some of 
the larger caverns coated with calcite crystals, 
which consist of complicated combinations of the 
scalenohedron and rhombohedron, and smaller 
quartz decorated CAVERNS i Sasso te Same el eel 5 

1 Limestone, gray buff, compact; heavy, but irregularly 
bedded; some of the layers two feet in thickness__- 10 

The strata in the above section cannot be correlated with 
the preceding sections with absolute certainty. Diligent 
search was not rewarded by even a trace of an organism. The 
arenaceous beds were not noted at this point. Aside from 
this the dominant characteristics are so nearly identical with 
those observed in the preceding quarries, that these beds 
doubtless may be referred to the same formation with a high 
degree of certainty. 

North of this point no further exposures are known along 
the Skunk. Similar outcrops, on a smaller scale, appear 
along Bear creek for some two miles up stream, when the 
Saint Louis disappears beneath the coal measures. _ 

Although Squaw creek has cut to practically the same level 
as the Skunk, and the restraining bluffs have, at several 
points, the appearance of being rock-supported, no exposures 
are known to exist. Onion creek, however, breaks into the 
flood plain of the Squaw from the west, through a rock-bound 
gorge. The Saint Louis is visible at numerous points on sec- 


tion 32, in Franklin township, and attains a maximum of 
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twenty feet above the water level in the creek. The beds 
are less constant here than are their equivalents on the 
Skunk. 

On ascending Onion creek from the flood plain of the 
Squaw, the first important exposure appears on the left bank, 
where the following sequence may be observed. 


SECTION V, NEAR THE MOUTH OF ONION CREEK. 


Ts: DPLE weny DOWILGerY 2: Joous Shs Sosa eres cee ae 2 
6. Limestone, impure, very much shattered and weathered 14 
5. Limestone, heavy-bedded, forming a projecting ledge 14 
4, Limestone, shaly, and containing numerous remains of > 
a Fenestelloid Bryozoan (Fenestella zone) .-_..-_--_- 1 
3, Limestone, yellowish-buff to gray buff; close textured, 
and bedding planes not apparent; the upper 15-inch 
layer more indurated than the lower portion; non- 
fOssiliferousythroughouti soso ss oen see ee se ee owas af 
2. Sandstone, gray to yellowish-gray, calcareous and : 
\ shaly; but slightly indurated and irregularly bedded 4 
1. Limestone, buff, thinly and unevenly bedded; exposed 2 


Organic remains here, as elsewhere, are very scarce. 
Aside from the Bryozoan, a Syringoporoid coral appears in 
the limestone layers, and seems to be common to nearly all 
of the limestone exposed in the region. 

About 100 yards up stream from section 5 the following 
beds, on the opposite side of the creek, may be viewed: 


FEET, | 
6. Drift, as in the preceding; only one drift sheet can be 
identified in any of the exposures of the area_..--_. 5 
5. Limestoae, much weathered and shattered_....._..._- 24 
4. Limestone, buff, compact to earthy; heavy-bedded; the 
lower layer approximates UWOMCCb tote enero 54 


3. Limestone, cherty, concretionary and cavernous, and 
containing much iron in the form of limonite and 
pyrites; forms a projecting ledge in the quarry face 1+ 

1. Sandstone, argillaceous, fissile; becoming shaly below, 


GXPOSCO Rit ea as Hew Sec ees Fe cl ot cee cee ee 3 


The base of the section is about two feet above the water 
in the creek. The beds are, apparently, absolutely devoid of 
organic remains. The creek impinges against the bank at 


this point, and the softer layers below, by undermining, aid 
in maintaining an escarpment. See figure 21. 


Fia. 21. 


One hundred and fifty yards southward the beds exposed to 
view indicate that shore conditions with variable currents 
-prevailed while the deposits were being put down. 
remains are very sparsely distributed in the limestone layers. 
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Representative section of Saint Louis limestone, as it appears 
along Onion creek. 


8 


The section shows: 


Bryozoan 


FEET. 
Drift, almost entirely removed -_- ----.2....--. --. 0-2 


Limestone, rubbly, thinly-bedded and much weithered, 
stratification planes almost entirely eliminated; beds 
graduate upward into a residual clay _---..-_._-__- 

Limestone, impure, yellowish-buff to gray-buff, com- 
pact to earthy; heavy-bedded See ase is ay 

Limestone, finely arenaceous and marly;‘contains Heat 
fully preserved mud cracks. and ripple marks -.--- 

Sandstone, white to bluish-gray, friable; obliquely lam- 
inated and fissile; readily undermined by the creek 
during seasons of high water -- --- ----- .-. ---- 

Limestone, concretionary; contains much limonitic iron; 
exposed above the water level ------ ery aes ene 
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Near the center of section 32, where the creek changes 
from a west to east course and flows almost due north, about 
ten feet of the older rocks appear. .A fossiliferous band 
occurs here, and is probably the equivalent of the fossil-bear- 
ing zone described in the Bloomington section. 

The Brachiopodal remains are confined to a layer scarcely 
a foot in thickness, while the corals and Bryozoa have a 
wider range. All of the organic remains are in a bad state of 
preservation, and cannot be specifically determined. Of the 
_ Brachiopods, representatives of Productus, Spirifer and Athy- 
ris prevail. In the drift a fragment of sandstone, bearing 


casts of Jnoceramus—sp? and a portion of a keeled Ammonite, 
very similar to A. (Placenticeras) placenta DeKay, were found. 


The lowest beds in the Onion creek area outcrop here, and 
_dip at a low angle both to the north and to the west. In the 
latter direction they soon pass from view beneath the hetero- 
geneous materials of the drift. 

The Lower Carboniferous deposits are reached at many 
points in Franklin, Washington, Milford, and Grant townships 
and apparently are not overiain by coal measures; but outside 
of the area described, they are not known to appear at the 
surface. 


PENNSYLVANIAN SERIES. 
THE DES MOINES STAGE. 


So far as now known the coal measures are present over - 
seven-eighths of the area of the county. The Saint Louis 
floor is fully as irregular as the present surface, and is respon- 
sible, in a large measure, for the great variability in the 
thickness and the anomalous distribution of the beds belong- 
ing to this stage. . The outcrops of the Saint Louis have ele- 
vations of 950, 940 and 975 feet A. T. for Onion creek, Han- 
nom’s and Soper’s mills respectively. While well sections 
show that the same formation is reached at 880 feet A. T. at 
the college, 900 A. T. at Story City, and 774, 800 and 700 feet A. 
T. for Nevada, Maxwell and Collins respectively. The general 
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inclination of the coal measure basement is to the east and 
tilts slightly to the south. 

While so widely distributed, outcrops of the Des Moines are 
very rare, and are wholly confined to a narrow zone which 
extends from Story City and Roland in a southeasterly direc- 
tion across the county by way of Nevada and Maxwell. This 
band forms a distinct ridge in the indurated rocks, and expos- 
ures occur wherever the more important streams cross it. 

About one mile southeast of Story City alternating bands 
of sandstone and shale appear a few feet above the water 
level in the river.. Clay-ironstones are noted in the stream, 
and the flood plain is much constricted at this point, being 
scarcely more than one hundred yards in width. Eastward, 
in section 18, near the mouth of Long Dick creek, a fissile, 
highly carbonaceous shale, coaly in places, rests upon a gray- 
blue fire clay, the top of the clay being almost coincident with 
low water level. In certain places a highly ferruginous shale 
appears above the coaly layers. The iron appears in the form 
of limonite concretions,.and where exposed assumes a deep 
red-brown. The maximum exposure does not exceed four 
feet. The water in the almost isolated ponds which repre- 
sent the river during seasons of low water, continues murky 
for some distance down stream, but the coal measures are not 
visible below the junction of the above mentioned creek. 

Near Roland, at Swenson Brothers’ coal pit, several feet of 
clay shales over sandstone are exposed along Bear creek; 
while at Nevada, at the McHose clay pit on the West Indian 
ereek, eighteen feet of shales are exposed, and at Maxwell, 
fifteen feet of argillaceous deposits may be viewed. The 
above outcrops represent the maximum exposures of the Des 
Moines in the county. Data collected from wells and shafts 
give more information concerning the distribution, thickness 
and nature of the Upper Carboniferous deposits. 

The Larson well, on the northeast quarter of section 5, in 
Lafayette township, penetrated twenty-five feet of sandstone 
and shale; and the Tilden well, in section 17, in Franklin 

18 G Rep 4 
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township, revealed twenty feet of the same material. Both 
wells passed through thin seams of coal. The following is the 
driller’s record of the well put down for the C. & N.-W. Ry. 
Co. at Story City. 


FEET. INCHES. 


US se SOleana yy eliow <Cla Verte aye latent cleisitAcierele ay Montvel Amel 2s 
Il MEIER Muli awAceudaccte aac onbncd ficdkes Hcet on 22 
16. Quicksand, fine, white, with a little water.... 6 
VSL Clays, DLUG Mars torre tates weeietork ue nian eieie fore ere or storere ee a Ae 6 
14; AQuicksands\with water si22).3 cf o.ce sete ere. olelete af 

13. Earthy material, hard, black................. 6 
LOH Gag Clay Vorarcnree cetera) cecstetenc tous etcrshar sce Ae tereas see erohets 3 
11. Sandstone, very hard, white.............. Hetiake Vet 6 
IIR MEW Chea RUs cas Ne Cae REO ocho Aid OR OS DUeT 1 

9. Sandstone, with seams of clay, one to two 

inches in thickness, intercallated.......... 9 

SR MGCHSY Gy ate tehaietarsiees ete ale Wosonclotaeniel stole ceva none abeens 6 
7. Sandstone, ferruginous; magnetized the drill 1 6 
GE POT ON meets 6 Ge ors ens Bait EBS OCC 4 

5. Chert and fire clay in alternating layers, vary- | 

ing from five to fifteen inches each........ 8 

4. POANAStONG ANG CHEMG Ric 220 wngrals a sales hers Nenseveieroe 1 2 
3. Sandstone, with much water.................. 12 

2.) ChevhetransibiOn al cv Meauearale aslo cla crcvae em eye ties 5 

1. Chert*and clay, as*befOre sn: 6 4.1. 8. se eels oe oe 22 


Pyritiferous bands and layers of coal from one to four 
inches in thickness were reported to be associated with the 
fire clays. The section is scarcely susceptible of more than a 
tentative interpretation on account of the doubtful nomencla- 
ture used. The drift attains a thickness of eighty-seven feet, 
but it is impossible to delimit the coal measures. The great 
abundance of chert reported may, perhaps, be a case of ‘‘ mis- 
taken identity’’ and is confusing. Clay-ironstone would be 
more in harmony with the fire clay and coal with which it was 
said to have been associated. In any case, the Des Moines is 
certainly present, and is represented by the usual alternating 
sandstones and shales with carbonaceous layers. 

A well at Summit exhibits the following sequence; the 
record being furnished by Mr. W. S. Johnson. 
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WELL SECTION AT SUMMIT. 
NO. DESCRIPTION. FEET. INCHES. 
Pag) (SKN LAR TAA Ao pire fats CCR ee ago Seite oe 3 
2H C lav eve llOwipant seit tess oa oh aoe tees Ea aia Moet 20 
Debs OLAV LUC ei ie Otetre ts ae CUPP bas. ye 8 5 
7p Liseeye WOK bal a HUB KS) a2 res) Uaioe Us ae rote on a arta ns 1 
Zl eC MTU CL aa eevee he ee ike ek ROR ET Ce Ren iat 46 
Uae SANGASY.GLLOW- i tstrshctat oii Mreeeaart hielachas hones Dee 20 
AO eben d rock serch oN iat ne iene eraroe eth eee ee 1 
HSM Clay Sand ys touwarc cea dela eel, St heli Sen tiee tel: 3 
SP Oe, Wee eM tig aco eae SOP Relat lass, Scho ae en 4 
LOrea Hire welay ies ce ON e haha me Bune eels 1 
TO ie CORD Sete Osher dette wre, tl cee ates, oe Aa ore TE 5 
La Hi TesClay.x LUIS etarcteniese Betts Tet sea es siete 11 
LS AeA BOM Leer neater ke ocevare’ eiche cites seen ius ak coches esta afar 5 
® DOE E Faxayo(0) Es ie Se cee aang ray oN le rg A I 7 
Lees Como OOG, tehsecaie se steps ecae este Ya ane ee aaa ows S 2 
LO MaSlatev darken e ot. caewtls eed semen aye beat 
Oi“ -Slateirock,; hatdes.iePn. oto wcisee ees eee 3 
Se LALO NADL ete na ltndee atisen go hith ale a Natara:pheneciore sie} 8 
MSI CORD CEA rrnsne sects a tl dee wie oie aH Se 4 6 
CAEN OTCLAN Rise Meise a eee moc Wu sural te Name Tevaaies 3 
DEVO C a panrarstc eter scr owe erelesh oteee cco etane ater beers 1 6 
AGM OSC LAY Me cis sista age elt soe gal teen stow exsiane aI stone 18 
Der OB ee air ae ame a mate en aee eeu ans, daneeetcao hl Cone tere 1 
PAS ONAL ERM OEY cn AR Aa Ne wa gy di, SO ne IOI eh Sear a 38 
Alarptnss) OFS ya OVE Ke! iegeget nin tree eran yrhck an EO EMaiON y Oeicmens eae 5 


An interesting feature of the above section may be noted 
in the Pleistocene deposits. Number 21 is designated ‘‘sea- 
mud’’ by the drillers, and probably represents the loess—a 
fact which will be elaborated in the proper place. Thelower 
112 feet are clearly referable tothe Upper Carboniferous, and 
consist essentially of clays and clay shales alternating with 
arenaceous layers and thin seams of coal. The shale which 
forms the roof to the principal seam of coal at number 7, con- 
tains numerous specimens of Lingula mytiloides of Meek and 
Worthen. 

The Nevada well shows 166 feet of shale, which represents 
the entire thickness of the coal measures at that point. 
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At Maxwell, a well located near the clay pit of the Maxwell 
Brick and Tile works, passes through the following layers, as 
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reported by Charles McHose, proprietor of the works. 
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Arenaceous beds and grits are more in evidence here than 
they are in the Summit and Nevada sections. The mouth of 
‘the well is located on the bottom of a small ravine which 
enters Indian creek from the east. Add to the beds pene- 
trated by the drill the shales exposed at the pit, which lie 
above the mouth of the well, and a total of more than 160 feet 
of coal measures are present in this portion of the county. 

In Collins township, section 34, a shaft sunk on the bottom 
land along Wolf creek, penetrated seventy feet of glacial 
debris, and more than seventy feet referable to the Des 
Moines. 

SUMMARY. 


_ So far as now known, the coal measures underlie the entire 
eastern two-thirds of the county, and occupy the whole 
of Palestine and Lafayette, and considerable areas in Wash- 
ing and Franklin townships. From Soper’s mill south, the 
Skunk river has doubtless entirely removed the coal-bearing 
beds over at least the area mapped as flood plain, and, per- 
haps, in addition, the terrace areas as well. 

The beds referable to the Des Moines are overwhelmingly 
argillaceous. Fire clays, clay shales and shales of various 
compositions and textures greatly predominate. Arenaceous 
beds and carbonaceous seams form an integral, but minor 
part of the section. The beds probably attain their maximum 
thickness in the south central portion of the county where 
they exceed perhaps 200 feet. 


THE PLEISTOCENE SERIES. 


- Beds referable to the Pleistocene period almost completely 
mantle the county, and consist of bowldery gravels, sands, 
silts and clays, usually commingled in a most complicated 
manner, and forming a heterogeneous deposit known as the 
‘‘drift.’? Only the more important drainage lines have com- 
pletely cut through the drift, and these at but few points. 
Hence the physical features find their expression wholly in 
the Pleistocene deposits. Not only is the present landscape 
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dependent upon this superficial mantle, but the latter is the 
chief source of the wealth of the community as well. 

While to the layman an attempt to classify and arrange the 
constituent elements in this confused mass of rock debris — 
would appear to be a profitless and hopeless task, a careful 
examination Shows that it is possible to correlate certain of 
the beds and bring some order out of chaos. The Pleistocene 
deposits in Story county show the presence of at least two 
drift sheets, which demonstrates that the region must have 
been subjected to an equal number of ice invasions. The till 
sheets are separated by, and overlain by, deposits character- 
istic of interglacial and post-glacial times. In many well sec- 
tions gravel and sand in considerable amount, containing peb- 
bles foreign to the locality, are found resting upon the indu- 
rated rocks underlying the lower till sheet and suggesting 
the possibility of a still earlier ice invasion. 


KANSAN DRIFT. 


Deposits referable to the Kansan stage were produced by 
the Keewatin glacier, which, at its maximum extension, 
crossed the Missouri river into Kansas, a fact which suggested 
the name of this sheet of drift. The Kansan ice sheet 
undoubtedly planed and scored the entire region, and the till 
formed by it appears to be equally widespread, save that over 
certain insignificant patches it has been removed by erosive 
agents subsequent to its deposition. Although so generaliy 
distributed, it is even more obscured by the later deposits 
than are the indurated rocks, and our knowledge of its char- 
acteristics, thickness and distribution have been gained almost 
wholly from artificial exposures and sections. The only 
natural outcrops known to the writer occur about Hannom’s 
mill and Bloomington along the Skunk, and in the vicinity of © 
Maxwell along road cuts and ravines. In all of these cases 
the exposures are very insignificant, and never exceed a few 
feet. At Bloomington, the ferretto zone of the Kansan is very 
sparingly exhibited near the base of the bluff. At the quar- 
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ries, about two feet of very compact bowlder clay rests 
directly upon the Saint Louis, and is referred to this stage. 
Of the individual bowlders, the greenstones predominate. 
Near Hannom’s mill, the ferretto is more in evidence. Along 
a small creek entering the Skunk from the north, several feet 
of till, oxidized to a deep brick-red and thoroughly leached, 
is exposed. Greenstones are abundant, and the granitic peb- 
bles and bowlders are in an advanced stage of decay. , In the 
Maxwell area the ferretto appears some twenty feet up from 
the base of the V-shaped draws and ravines; it is generally 
overlain by the loess, and contains the characteristic bowl- 
ders. In no case is the unoxidized portion open toinspection. | 
At all other points where the stratified rocks are exposed, the 
Kansan appears to have been entirely removed, or else it is 
wholly concealed by talus slopes of the younger deposits. 
From the extreme paucity of natural exposures, even where 
the country rocks are laid bare, it is obvious that either the 
Kansan till sheet in this area was never comparable in thick- 
ness with equivalent deposits in other regions, or else the 
younger ice sheet dealt with it very harshly. Togainamore 
correct idea of the importance of this till sheet, well sections 
must be examined. © 
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Inte rpretation. 
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The heavy deposit of sand and gravel, number 4, is some- 
what anomalous, and may signify a preglacial channel. The 
mouth of the well is not far distant from Keigley’s branch, 
and the top of the gravels is about the level of the water in 
Skunk river. The Kansan, as interpreted in the above sec- 
tion, shows the ferretto zone slightly developed and a heavy — 
deposit of blue till. Number 8, which is reported as quick- | 
sand by the drillers, may be loess. | 


TILDEN WELL, NE. QR. OF SEC. 12, FRANKLIN TOWNSHIP. 
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This well obviously entered the coal measures after passing 
through 40 feet of Wisconsin, 10 of loess, and 63 of Kansan. 

In the college well, at Ames, no material can be referred to 
the Kansan with certainty, although the loess is underlain by 
fine sand and ten feet of coarse gravel conglomerate. In 
Palestine township detailed records are not obtainable. The 
drift is upwards of 100 feet in thickness, which, after deduct- 
ing the Wisconsin and making some allowance for the loess, 
which is known to exist in the township, reduces the Kansan 
to much below its normal thickness for central Iowa. Except- 
ing in probable preglacial channels, the Kansan rarely 
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exceeds fifty feet in thickness in the western half of the 
county, and the ferretto zone is not obvious enough to attract 
the attention of well drillers, save in rare instances. 

In the eastern portion of the county glacial deposits attain 
a much greater thickness. As nearly as can be determined 
from the well records the drift varies from 100 to 300 feet in 
Collins and New Albany townships, and from 150 to more 
than 300 feet in Sherman and Lincoln townships. While it is 
possible to obtain approximately the total thickness of the 
_ Pleistocene deposits, it is impossible, with the data at hand, 
to differentiate them into the various drift sheets and inter-. 
glacial beds. 

BUCHANAN GRAVELS (?). 

In College park, at Ames, certain coarse, much weathered 

gravels appear along the roadway which winds around the 


base of the bluffs skirting Clear creek (figure 22). These 
gravels consist, chiefly, of well worn bowlders of granite, 


Fiq. 22. Buchanan gravels? College Park, Ames, Iowa. 
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greenstone: 


and a few ironstones. Limestones are 
only by the cherts. The granites and all of the 
oarser-textured rocks are in an advanced state of decay, and 
\p: any of these appear in the side of the road cut, broken 
directly across, instead of being removed from, their matrices. 
The entire deposit is deeply iron-stained, and bears the 
unmistakable marks of age. It is clearly overlain by the 
Wisconsin till, and what appears to be modified loess lies » 
above it. Gravels occupying a similar stratigraphic position 
have been noted along Squaw creek at several points, and all 
are provisionally referred to the Buchanan stage. 


THE LOKSS. 


The Iowan till is not known to be present within the con- 
fines of the county, but the loess, which is supposed to be 
genetically related to the Iowan, has been recognized recently 
at several points, and is believed to cover a considerable por- 
tion of the area. This most paradoxical of deposits is 
uneconformable with the Kansan below and with the later 
drift above. It grades upward from fine sand and sandy silt 
to silt and clayey silt, and carries much lime throughout. In 
the upper portion lime concretions known as loess-kindehen 
and loess-mannehen are commonly present, and in some places 
root-casts, and even wood fragments, are not uncommon. 
Molluscan shells are usually present, and oftentimes oceur in 
great numbers. | < 

The loess is exposed at numerous points along the flanks of 
the deeper cuts in Indian Creek and Collins townships. Over 
avery small area in the extreme southeast corner of Collins 
township the loess has never been covered by the later drift, 
and hence forms the surface soil. There are occasional 
exposures in Franklin and Washington townships along the 
tributaries of Skunk river and Squaw creek. 

Inferentially, from a consideration of well sections, spring 
lines and topographic features, the loess covers a much larger 
area. ‘The best exposures are located on sections 5 and 34, in 
Washington township. That on section 34 exhibits nearly 
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Fig. 23. Clay pit of the Kelly tile works; 1, represents the loess, and 2, the 
Wisconsin drift. 
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twenty feet of silt, silicious below, underlain by a gravelly 
bowlder clay, and covered by from five to twenty-five feet of. 
Wisconsin till. The silt is distinctly jointed above and stained 
a faint yellow-brown along the joint planes. It grades down- 
ward into a massive, structureless, pale blue, clayey silt, 
which contains an abundance of root-casts, wood fragments, 
and black, carbonaceous spots, and emits a distinct swamp- 
like odor. The entire deposit is highly calcareous and carries 
a rich gastropodous fauna. The majority of species repre- 
sented are strictly terrestrial in their habits. .The following 
species were identified by Prof. B. Shimek. © 

. Zonitorides shimekii (Pils) P. & J. 

. Sphyradium edentulum alticola (Ingers) P. & G. 

Pupa muscorum L. 

. Bifidaria pentodon (Say) Sterbi. 

Vertigo ovata Say. 

. Conulus fulvus (Mull). . 

Polygyra multilineata (Say) P. & J. 

. Pyramidula striatella (Anth) P. & J. 

Vallonia costata (Mull) Sterbi. 

10. Succinea lineata Binn. 

ll. Succinea avara Say. 

12. Limnewa humilis Say (?). 


ee 
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Loess concretions are relatively scarce and are diminutive 
in size. The deposit shows no signs of oxidation or leaching 
where the drift covering is thick, but where the covering is 
so far reduced as to afford imperfect protection from the 
weathering agents both leaching and oxidation may be noted; 
and here alone are lime concretions to be found. It is obvious 
that little or no alteration took place prior to the deposition 
of the overlying drift. 

_ The outcrop in section 5 is an almost exact duplicate of the 
section just described. The drift mantle is thinner, and from 
two to five feet of the loess has been stained to a yellowish- 
buff. Loess concretions are more in evidence, thus attesting 
the greater progress made in leaching. Here, again, the 
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upper portion is distinctly jointed, while lower, the deposit is 
apparently structureless. The jointing is due, no doubt, to 
the pressure exerted by the Wisconsin ice. Gastropod shells 
abound throughout. 


WISCONSIN DRIFT. 


Many of the larger, and essentially all of the minor phys- 
ical, features are impressed in the Wisconsin drift sheet. 
This drift is represented, chiefly, by a bowldery clay which 
has suffered little change since its deposition, either phys- 
ically, chemically or mechanically. The till contains numer- 
ous patches and lenses of sand and gravel, in whose deposition 
running waters was obviously an active agent. These sand 
and gravel deposits oftentimes. form conspicuous surface 
features and appear as knobs and kames. Bowlders are 
numerous and, in many instances, attain an enormous size. 
Barring the younger volcanics they include nearly all of the 
rock species known to lithology. Gray and red granites pre- 
dominate, but there is a liberal sprinkling of limestone blocks, 
and the gneissic and basic rocks are well represented. All of 
the erratics* are remarkably fresh, and many show one or 
more planed or faceted surfaces. Of. the smaller bowlders 
and pebbles clay-ironstone and fragments of calcareous and 
cherty rocks are very abundant. The deposit is not only rich 
in lime pebbles and bowlders, but it contains an abundance of 
lime coneretions; and the clayey matrix, even at the surface, 
effervesces freely when treated with dilute hydrochloric acid. 

The topographic features of the Wisconsin are remarkably 
immature. Ponds, undrained basins and incipient drainage 
lines are the rule, and afford corroborative testimony as to 
the extreme youthfulness of the deposits. 

The Wisconsin till attains a thickness of from twenty to 
eighty feet over the general upland, but it probably consider- 


*A bowlder of native copper was found on the farm of Wm. Arrasmith, about two and one- 
half miles north of Ames. The mass was much abraded and flattened, and bore evidence of 
rough usage in general. It weighed four pounds. Bowlders of the copper conglomerate are 
not uncommon and make it reasonably sure that the Des Moines lobe of the Laurentian gla- 
cier came by way of the Lake Superior copper region. 
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ably exceeds 100 feet in the morainal regions. The upper 
portion of the till, varying from three to thirty feet, is stained 
a pale yellow through incipient oxidation of the iron constit- 
uent, and the color grades downward into a gray-blue. 
Faceted pebbles and bowlders increase in commonness down- 
wards. Wood fragments and earthy bands, presumably indic- 
ative of old soils, are often encountered at or near the base 
of this till sheet. 

The eastern margin of the Wisconsin drift is marked by the 
Altamont moraine, the inner border of which crosses the 
extreme southeast corner of the county and continues nerth- 
ward nearly parallel to the Marshall-Story county line. The 
main body of the moraine lies in Marshall county, 

In Story county the Wisconsin is clearly separable into an 
earlier and later stage, with the Gary moraine as the dividing 
line. The time interval between the stages, measured in 
terms of oxidation and leaching, and topographic develop- 
ment, was certainly greater than the time which has elapsed 
since the retreat of the ice from the county. Outside of the 
Gary moraine, well sections show that the yellow till attains 
a thickness of from fifteen to forty feet over areas which have 
suffered little loss through erosion, and have received no gain 
from deposition. Over similarly cireumstanced areas inside 
of the moraine, the slightly altered zone rarely exceeds from 
five to ten feet. The streams which have established them- 
selves on the earlier drift have cut vertically from thirty to 
seventy or even eighty feet, and have made some progress 
toward the formation of valleys. On the later drift, stream 
trenching is inconsiderable, and, if Hamilton county be 
included, a glance at the map is sufficient to show the great 
disparity in the development of the drainage lines in the two 
areas. 

As has been mentioned earlier in this report, the retreat of 
the Wisconsin ice from the region was interrupted by numer- 
ous halts, marked by a succession of recessional moraines. 
One of these, in addition to the Gary, is believed to possess 
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sufficient individuality to deserve a name—the Walnut creek 
moraine. 

Contemporaneous with the heaping up of glacial debris at 
the end of the ice were certain streams issuing from the melt- 
ing ice. These surcharged streams were competent to carry 
coarse sand, gravel, and even bowlders of small size, which 
were redeposited over the flood plains of the then existent 
streams in their lower courses. These gravel beds and bars 
have been removed in part since the retreat of the ice, and 
broad benches or terraces are the result. A system of ter- 
races has its beginning at the Walnut creek moraine, and thus 
establishes more firmly the reality of the ice-halt at that 
point. Cambridge, on Skunk river, and Maxwell, on Indian 
ereek, are built on terraces belonging to this system and 
attaining heights of twenty-five and twenty feet above the 
flood plains of the respective streams.. Terraces continue 
northward on East Indian creek to the three forks in sections 
thirteen and fourteen in Nevada township, where they have 
a height of twenty-five feet above the flood plain and are com- 
posed of very coarse materials; much coarser than at Max- 
well. The equivalent terrace was not recognized on the west 
fork of the Indian. 

Along the Skunk the Walnut creek terrace may be traced 
northward to the creek of the same name, where it is super- 
seded by a younger terrace, the contemporary of the Gary 
moraine. The gravel train produced by the Gary, reaches its 
maximum development, both areal and in vertical section, in 
the vicinity of Ames along both the Skunk river and Squaw 
ereek. At-Soper’s mills the Gary rises twenty feet above 
the flood plain; at Ames, it rises thirty feet, after which it 
grades down gradually to ten feet in southern Grant town- 
ship, and finally merges into the Walnut creek bench. Fig- 
ure 24 shows the cross-section and gradient of the terraces in 
comparison with the cross-section and gradient of the present 
stream. 
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Fig. 24. a, Cross-section of Skunk river. The space below the broken line, bb, represents 
the amount of material removed since the retreat of the Wisconsin ice. 
b, Stream and terrace gradients compared. 


Development of the Skunk River System.—The towns of Ames 
and Cambridge are built on gravel bars located at the conflu- 
ences of Squaw and Ballard creeks, respectively, with the 
Skunk river. Records of wells put down at these points show 
a series of sands and gravels separated by heavv beds of clays 
and silts. At Ames the basal gravels are reached at a depth 
of from fifty to eighty feet below the bottom of the present 
stream. The creamery well at Cambridge, which is located 
upon the Walnut creek gravel train, shows: 
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Borings at other points tell the same story. The country 
rock under the area mapped out by the terrace and flood 
plain lies from fifty to one hundred feet lower than in the 
walls of the valley. 

The flood-plain terrace deposits average two miles in width, 
south of Ames. The low ridges which bound these deposits 
rise gradually away from the river, so that the real depression 
possesses a much greater width. North of Ames the scene 
soon changes. At Hannom’s mill the valley cross-section is 


TERRACE DEPOSITS. — 


reduced to less than one-third of 
its dimensions a mile below. The 
stream is not only rock-walled, but 
rock-bottomed. The broad, de- 
pressed U-shaped valleys, indica- 
tions of old age, have been replaced 
by the narrow U to the V-shaped 
gorges which are only retained dur- 
ing the early stages in the devel- 


opment of a\ stream. The river | 


occupies no well-marked depres- 
sion wider than the flood plain. 

In the valley of the Squaw the 
old. age characters are still re- 
tained. The creek meanders 
through a notable depression, 
much wider than indicated by the 
flood plain and terrace deposits, 
and wholly comparable with the 
depression below Ames. Artificial 
sections demonstrate that the in- 
durated rocks lie much lower in 
the valley than under the general 
upland. Alternating clays and 
gravels, similar to those pene- 
trated at Ames and Cambridge, 
are encountered. Briefly told, it 
would appear almost a certainty: 

First.—That the lower course of 
the Skunk river proper is very old, 
certainly older than the Wiscon- 
sin, and _ probably  preglacial. 
Above Hannom’s mill the stream is 
much younger. Here its history 
is somewhat contradictory. In 
places well sections located in or 
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near the flood plain penetrate deeply buried silts and gravels 
At other places, at Hannom’s and Soper’s mills, its youthful- 
ness isunquestionable. Suffice it to say that the Skunk has, 
perhaps, in this section, sought out and partially resurrected 
one of the important tributaries of the preglacial system. 

Second.—That the river which was capable of cutting a 
gorge more than 100 feet in depth, and at least two miles in 
width, was immensely greater than its insignificant descend- 
ants, and, if the preglacial climate was not materially differ- 
ent from that of to-day, the progenitor of the Skunk drained 
a much larger area than the present stream. 

Third.—That near Ames the principal channel pursued a 
northwest-southeast course, which was filled in, in large 
measure, with glacial debris, and has been only partially 
reopened by Squaw creek. ‘The precise point of departure 
from the old course cannot be located definitely. From the 
great embayment below Hannom’s mill a depression continues 
in a northwesterly direction, and becomes tangent with the 
valley of the modern Squaw near the Boone-Story county line. 
The general surface features and stream trend would lead one 
to suspect this to be an opportune point. The well data at 
hand fully accords with this view, but is scarcely sufficient to 
demonstrate it beyond a doubt. That the rock surface as a 
whole is rapidly depressed to the southwest and reaches its 
minimum elevation in the Squaw valley proper there can be 
little question. This arrangement would be in strict accord- 
ance with the almost universal northwest-southeast pre-Wis- 
consin drainage systems of the state. 

Fourth.—It has been stated in previous reports* that the 
Des Moines river, above the city of Des Moines, flows ina 
post-Wisconsin channel, while its lower course occupies a 
much older valley. This fact, taken in connection with the 
facts derived through the present investigation, suggests very 
strongly that the last ice invasion despoiled the Skunk of 
much of its territory, and the Des Moines was the gainer. In 


*Geology of Polk county, vol. VII, Geology of Boone county, vol. V. 
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fact, it appears Miehiy probable that the* headwaters of the 
present Des Moines found their way to the Mississippi 
formerly through the Skunk. Or, in other words, the Skunk 
was literally ‘‘beheaded’’ by the Wisconsin ice. One tribu- 
tary of Squaw creek extends within a mile of the Des Moines 
river to-day, at Stratford, in Hamilton county. 

Aside from Squaw creek the tributaries of the Skunk can 
be dismissed with slight mention. Indian creek, in its lower 
course, has a well developed valley which is terraced, and at 
Maxwell is underlain with alternating clays and gravels sim- 
ilar to those of the Skunk and is, perhaps, the only tributary 
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represented in the early history of the system, all of the 
others being post-Wisconsin. 


REMAINS OF THE MAMMOTH. 


‘‘ Sometime during the summer of 1894 an interesting find 
was made on the farm of Dr. H. M. Templeton, in Washing- 
ton township. The discovery was made by the occupant of 
the farm, while engaged in digging a well. The well was 
being sunk in one of the numerous depressions which area 
frequent surface mark in this section of the county. This 
depression formerly contained a few feet of water, and it still 
receives surface drainage in times of heavy rainfall. The 
center of this basin, which comprised two or three acres, was 
but a few feet below the level of the outer rim. The soil was 
composed of the washings from the surrounding land and the 
_ remains of marsh vegetation characteristic of similar surface 
conditions on the Wisconsin drift. When the digging had 
proceeded to the depth of four or five feet, a deposit of bone 
fragments was discovered. This included the bodies of four 
or five dorsal vertebre, a portion of the upper extremity of 
one rib, a short section from the lower end of the tibia and 
the lower extremity of the left femur, besides a number of 
fragments rather difficult to assign to their exact location in 
the skeleton. The masses would very nearly fill a half-bushel 
measure. ‘There were none of the long bones complete, 
and none of the pieces would give a very correct notion of 
the entire length of any of these portions of the skeleton. 
The parts giving the best idea of proportion are the vertebra, 
the head of a rib, in quite good state of preservation, and the’ 
lower extremity of the femur. The vertebrae show both 
anterior and posterior articular surfaces in a perfect state of 
preservation. The transverse and vertical measurements of 
these surfaces are nearly exactly the same; four and one-half 
inches. ‘The antero-posterior diameter, or the vertebral body, 
is exceedingly short, considering the immensity of the other 
measurements. The length is but two and one-half inches. 
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This must have given the creature a back grotesquely short 
in comparison with its gigantic size. The articular facets on 
the inner surface of the head of the rib, measures three and 
one-half. inches. The excavations at the anterior and pos- 
terior extremities of the vertebral bodies almost blend into one 
another. The part giving the most correet notion of the 
enormous size of the animal is the remains of the thigh*bone. 
The fragment represents a section from the lower end of the 
bone, just long enough to show the femoral trochlea and the 
two condyles. These are almost perfect, with the exception 
that a small fragment has been broken away from the external 
posterior part of the external condyle. The internal condyle 
is in a perfect state of preservation. The extreme length of 
the articular surface extending from the lower border to the 
exteynal condyle to the upper margin of the trochler surface, 
on which the patella glides, is sixteen inches. The trans- 
verse measurement through the center of the condyles is 
eight inches. ‘This mass is from eight to ten times the size of 
the corresponding part of an average sized horse. 

All the parts are quite firm, and in such state of preserva- 
tion that they have not in the least been affected by exposure 
‘since their removal from the ground. The conditions were 
such as to lead to the conclusion that the bones could never 
have been buried to a greater depth than that at which they 
were discovered. The superincumbent covering must have 
been increasing in thickness, rather than diminishing, on 
account of the process of gradual filling now going on in 
these shallow prairie basins. A number of trial excavations 
were made in different parts of the depression, without 
unearthing any additional portions of the skeleton.’’* 

A perfectly preserved molar tooth of Llephas primigenius 
was found by a C. & N.-W. Ry. employee, at Polk City, during 
the present summer. The tooth occurred in the gravels 
which occur at that place and are evidently late Wisconsin in 
age. 


*The above description was written by Prof. M. Stalker, of Ames, Iowa. 
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These finds are interesting in that it makes it reasonably — 
certain that these huge Proboscidians roamed over Story 
county during late Wisconsin, or even during post-glacial, 
times. 

POST-WISCONSIN DEPOSITS. 


Aside from the terrace gravels whose deposition was con- 
temporaneous with the retreat of the Wisconsin ice, and the 
alluvium accumulated since the retreat, both of which have 
been discussed sufficiently, certain arenaceous to silty gray- 
brown deposits, remarkably homogeneous and devoid of peb-— 
bles and bowlders, border some of the larger streams and are, 
perhaps, worthy of special mention. These highly siliceous 
deposits flank the Skunk and the Squaw, are noticeably pres- 
ent along the lower course of. Indian creek, but are most in 
evidence along the eastern margin of the Skunk river valley 
below Bloomington. The deposits attain a maximum thick- 
ness of from three to five feet on the brow of the bluffs, thin 
rapidly inland and are scarcely recognizable more than a mile 
from the bluff scarp. These deposits are responsible for the 
heavy, sandy roads along so many of the streams in the Miss- 
issippi valley, and are shunned alike by the teamster and the 
bicyclist. They are often known locally as ‘‘ White Oak 
soils,’’ because that very well known and desirable species of 
oak finds in them a congenial host. The deposits are thor- 
oughly oxidixed and leached, and appear to be wholly devoid 
of structural or bedding planes. The coarsest materials 
which enter into their composition are found nearest the 
flood plain, and the size of grain diminishes gradually as the 
deposit feathers out away from the river. The source of the 
materials and the transporting agent are not difficult to appre- 
hend. The process of accumulation is going on to-day. The 
wind, sweeping across the broad flood plain, gathers up such 
material as can be transported and moves it toward the 
restraining bluffs. Perhaps only the very finest materials are 
given continuous passage for any considerable distance. But 
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through successive short excursions the coarser silt-particles 
and even fine sand grains eventually reach the brow of the 
bluff and are deposited in the reverse order of their fineness*. 

The position of these deposits is determined essentially by 
the surface contours. The wind crossing the valley imping- 
ing against the hill flanks is deflected upward, and, coming in 
contact with the still air above, loses velocity, and being 
unable to carry its load further, deposits it over the brow of 
the hill. In this location its position is reasonably secure, 
though the entire assemblage of deposits possesses the pro- 
clivities of the sand dune and may progress bodily inland. 

This process of wind transport and accumulation of mate- 
rials may readily be witnessed. During early spring and late 
autumn, when large tracts of bottom land are unprotected by 
vegetation, dust storms are common, and often during a single 
‘“blow,’’ a measurable deposit is accumulated. If this be true 
now, how much greater must have been the efficiency of the 
winds which blew across the wide flats before vegetation had 
time to reclaim the valleys so recently vacated by the Wis- 
“consin ice? 

The prevailing winds for central Iowa during spring and 
fall are from the west, and hence the ereater accumulation of 
zolian deposits on the eastern flanks of the streams. 

These deposits are worthy of more than passing notice, 
when viewed analytically, on account of their striking simi- 
larity, in many respects, to the loess. Structurally, textur- 
ally, and in composition and distribution, there is a remarkable 
resemblance. Both are essentially devoid of stratification 
planes, possess a uniform, open texture, are highly siliceous, 


*A most luminous and helpful discussion of wind erosion, transport and deposition, will be 
found in Professor Udden’s Memoir, entitled ‘‘ The Mechanical Composition of Wind Deposits,”’ 
published by the Lutheran Augustana Book Ooncern, of Rock Island, I[Il., 1898. The sub- 
joined table gives the approximate maximum distances over which quartz fragments of dif- 
ferent dimensions may be lifted, by moderately strong winds, in single leaps: 

Gravel (diam. from 8 to 1 mm), a few feet. 

Ooarse and medium sand (diam. 1 to 14), several rods. 

Fine sand (diam. 4 to 4 mm.), less than a mile. 

Very fine sand (diam. 4 to 1-16 mm.), a few miles. 

Coarse dust (1-16 to 1-32 mm.), 200 miles, 

Medium. dust (1-82 to 1-64 mm.), 1,000 miles. 

~ Fine dust (1-64 mm. and less), around the globe. 
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being composed chiefly of silt and fine sand, and appear to be 
genetically related to the chief water courses, along which 
they attain their maximum development. True, the loess is 
usually highly calcareous, but this may readily be referred to 
a difference in the condition of the materials drawn upon, and 
be wholly independent of the process of accumulation. It is 
now pretty generally conceded that the loess is genetically 
related to the Iowan drift, perhaps the overwash from that 
sheet. It is also well known that the Iowan earried the 
largest and freshest bowlders of any sheet, and it is reasonable 
to suppose that the finer materials were equally fresh at the 
time they were deposited. This is evidenced by the Iowan 
drift itself, the surface only showing any signs of weathering. 
The mud flats were doubtless much more important then than 
now and if atmospheric circulation was equally as vigorous as 
at the present time, wind erosion and deposition would be 
much more widespread and important, and the rate of accu- 
mulation might be so much accelerated that oxidation and 
leaching of the rock meal would be imperfect or almost wholly 
wanting. The loess deposits which have been protected by 
the Wisconsin drift lend credence to this view. The exposures 
near Kelly and Ames are not only unoxidized and unleached, 
but still retain their original blue color, which is so charac- 
teristic of unaltered secondary deposits. These deposits also 
emphasize the extremely short time interval between the 
deposition of the loess and the Wisconsin advance. The loess, 
where unprotected, is a straw to gray-brown throughout, and 
the lime concretions sufficiently attest that incipient leaching 
has begun. In places where the deposit has neither lost by 
erosion nor gained by deposition, the leached zone varies 
from two to four feet in thickness and is identical with the 
wind accumulations along the streams of to-day. The loess, 
in all probability, originated through the rapid accumulation 
of perfectly fresh materials from the extensive mud flats and 
overwash plains, which formed an apron to the Iowan till 
sheet, while the latter represent the much slower assembling 
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of the leached and oxidized materials from vite alluvial plains 
of to-day. 

While the processes which obtained during the deposition 
of the two sets of deposits cannot be demonstrated to have 
been identical, their inherent resemblances and environments 
are certainly very striking. Aside from the comparisons 
already made they are very closely related faunally. Pro- 
fessor Shimek* has shown that with a few unimportant excep- 
tions the loess Mollusks were all air-breathers whose habi- 
tat must have been very similar to that which prevails in the 
lowa-Nebraska region of to-day. 

Unconformities and Deformations.—Outside of the county in 
areas where the Des Moines and Saint Louis occur together, 
and the contact plane can be observed, the former is seen to 
overlie the latter unconformably. In Story county the glacial 
debris effectually conceals the contact zone between the two 
formations, and yet the uneven surface presented by the 
basement of the coal measures, as already sufficiently elab- 
orated, makes it reasonably certain that the Des Moines occu- 
pies erosion hollows in the Saint Louis. 

There is everywhere a profound unconformity between the 
Pleistocene and the older deposits, and a break of minor 
importance separates the two drift sheets known to be pres- 
ent in the county. 

While the epeirogenic movements of the area have been 
several times repeated on a scale sufficiently large to be 
recorded in recurrent series of deposits, differential uplifts 
are more elusive in a drift-buried country, and only one can 
be definitely recognized in the geological structure of the 
county. 

The Skunk River Anticlinal.—Prof. W. J. McGee, in his 
‘Pleistocene History of Northeastern Iowa,’’+ records a 
series of more or less parallel flexures in the strata of Iowa. 
The general trend of these deformations is northwest- 


* The exhaustive memoirs which embody the results of this keen, conscientious observer 
and conservative writer may be found inthe recent volumes ofthe Iowa Academy of Sciences. 
+ Eleventh Annual Report, U. 8. Geological Survey, p. 336 et seq. 
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southeast, and asa rule their amplitudes are so slight that 
‘‘their presence is only detected by a comparison of altitudes 
at different points, by anomalies in outcrop, or by the topo- 
graphie configuration determined by them.’’ Among the sal- 
ient flexures an anticlinal is mapped whose axis is approxi- 
mately coincident with the Skunk river, and McGee has 
denominated it the Skunk River anticlina]. Its recognition © 
was based largely upon inferences from geologic outcrops, 
and its establishment was scarcely beyond the pale of hypoth- 
esis. The College well record, when-taken in conjunction 
with the well records from Boone and Nevada, establish the 
existence of such a convex flexure beyond the peradventure 
of a doubt. (See plate iv.) The average difference in eleva- 
tion of equivalent strata between the College and Boone is 
about 300 feet. If the dip is assumed to be constant between 
the two points, this would give a gradient of 25 feet per mile. 
Between the college and Nevada the average fall of equiva- 
lent strata is about 150 feet, or 15 feet per mile. The strike 
is presumably northwest-southeast, and is essentially parallel 
to the supposed direction of the anticlinal axis. Hence, the 
average dip would be about 35 and 21 feet per mile for the 
southwest and northeast limbs of the fold, respectively. 


ECONOMIC PRODUCTS. 
Coal. 


As has been previously stated, Story lies wholly within the 
Iowa coal field. Although seemingly as favorably situated 
as other counties, which surpass it in production, the county 
does not rank as one of the great coal counties of the state. 
In 1898 only one mine was in active operation. The output 
for 1897 scarcely exceeded 12,000 short tons, the greatest for 
any year inthe history of the county. Desultory attempts have 
been made to develop the coal resources of the*county near 
McCallsburg, in Warren township, and in Collins township, 
near the Polk county line, and some prospecting-has been 
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done at other points. At present the only mine in operation 
is located at Summit, in Lafayette township. 

Summit.—North Star Coal & Mining Co. During the fall 
of 1892 and the spring of 1893 a shaft was sunk on land owned 
by. W. 8S. Johnson, Sw. qr. of See. 21, Lafayette township. 
Operations have continued with slight interruption since. 
The vein worked is about 135 feet from the surface. The 
sequence of strata penetrated in sinking the shaft, as given 
- by W.S. Johnson, is as follows: ire 
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At least five coal horizons were penetrated, only one of 
which was thought to be of commercial importance. At least 


one vein is known to exist below the one worked, The mouth > 


of the shaft is located on the north slope of the Gary moraine, 
about 1,050 feet above sea level. The mine is equipped with 
modern top-works, a steam fan, and the ‘‘room and pillar”’ 
plan is pursued in mining the coal. Owing to the nature of 
the underlying strata some trouble is experienced from 
‘‘creep,’’ and even with the most approved methods of work- 
ing, under existing conditions, it is scarcely possible to win 
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more than 60 per cent of the total coal. The vein runs fairly 
even, thickening towards the basins and thinning towards the 
‘rolls.’ The maximum variation in elevation does not 
exceed ten feet. The roof is rather weak and treacherous, 
and renders careful mining imperative to avoid accidents. 
The coal is of excellent quality, comparing favorably with the 
best product of central Iowa. .The mine supplies a large 
local trade, but it, nevertheless, ships a considerable percent- 
age of its output. <A spur of the C. & N.-W. Ry. has been 
extended to the shaft, so that the coal may be loaded on the 
cars without rehandling. 

The coal developed at Summit is apparently an eastward > 
extension of the Squaw creek basin. This is evident from 
the general stratigraphic similarity of the coal horizons in the 
two areas. ‘The veins mined in both localities have practic- 
ally the same elevation. This basin is divided by Skunk 
river, but the coal reappears in the vicinity of McCallsburg, 
where some prospecting has been done. At this point a vein 
of coal, three feet in thickness, is said to have been found, » 
and mining operations, in a crude way, were carried on during 
short intervals for several winters. A seam of cannel coal 
-was at one time reported, but upon examination the find 
proved to be a highly carbonaceous shale associated with the 
coal seam. The Mormon: Ridge coal, in Marshall county, 
appears to mark the eastern terminus of this basin, and the 
territory lying between this point and the Squaw creek fields, 
in Boone county, will undoubtedly yield a fair return to sys- | 
tematic prospecting. 

Collins.— Well drillers report,coal at numerous and widely 
distributed points over the southeastern quarter of the 
county. While this is generally known almost no systematic 
prospecting has been done, and only ina single instance has 
any serious attempt been made to develop the bed. On the 
farm of Silas McQuiston, located on the Ne. qr. of the Sw. + 
of Sec. 34, in Collins township, a shaft was sunk some years 
since, and operated during the winter season. The entire 
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output found a ready sale at the mine, but was never great 
enough to supply the local demand. The mouth of the shaft 
is located on the bottom land along: Wolf creek, and the strata 
penetrated are essentially as follows: 


FEET 
EGP MOPLED Leese pncaus) Stanls ohe are Sub AT be cobs ote d eaeice FUND Si otelh ulead blots 70: 
4, Coal measure shales and clays... ............cc ee eeees 60 
Deir OOBL vrern Hee BSCS Ae ni Teo cary Nien EAA NOUN OES RE ea eye 
Ai WIPE LCA wand SHALE iM iiadiects teas ae slalom Nee oa acate 7 
DCO GL aeeu te come em ea Scala th as ecohatee Vee oie epee wea Ue Nora TTe astat reo 384 

AT Ge eee eee aiase a hceotece Ghevaserdnet aoe ebsher e, Srasedes eal eh ielekentee a 142% 


The coal has a good reputation among the consumers. The 
vein was reported to run fairly uniform in thickness, but the 
roof, as in the case of all Story county coal, was of rather 
uncertain character. The mine was last operated, some two 
years ago, by Marshall & Crow, of Boone county. Prospect 
holes have been put down, both east and south of the above 
mine, and demonstrate that the coal continues some distance 
in those directions. ~ : 

The outlook for the development of the coal industry in 
Story county, while not brilliant, is certainly not wholly dis- 
couraging. Practically no systematic prospecting has, as 
yet, been done. Numerous well records show the presence 
of one or more coal seams throughout most of the coal meas- 
ure area. It is scarcely probable that so wide an area, show- 
ing the presence of coal horizons, will not, sooner or later, be 
found to include veins of commercial importance. The most 
hopeful areas would appear to be in the line of the Squaw 
ereek-Summit basin and in the vicinity of Collins. An intel- 
ligent and judicious use of the core drill’in these areas may 
be reasonably expected to earn a moderate reward. 


Clay. 


Story county is supphed with an adequate quantity of clay 
for furnishing brick for all structural purposes, for paving the 
streets of its towns, and making the draintile necessary for 
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properly draining its immature surface. The younger drift 
covers practically the entire county, and when unmodified, 

yields no clays suitable for either brick or tile. The alluvial. 
deposits, which attain considerable importance along Skunk 

river and its greater affluents, and the wind accumulations 
along the bluffs which border these streams, afford. unlimited 

quantities of material suitable for handmade brick capable of 
meeting all requirements for the less imposing structures. 

The larger streams have removed the younger drift at numer- 

ous points, and have greatly reduced its thickness at many . 
others, so that the clays and shales of the older terrains have 
been rendered available. In Washington, Indian Creek and 
Collins townships, important deposits of loess are easily acces- 
sible, while at Story City, Roland, Nevada, and Maxwell, 
from ten to twenty feet of Carboniferous clays and shales are 
exposed. The coal measure shales are at present being 
- developed only at the last three places mentioned. 


COAL MEASURE CLAYS. 


Nevada.—Several factories have been operated somewhat 
intermittently, in the vicinity of Nevada, during the past 
- fifteen years. Of these, Lyman & Company operated contin- 
uously for more than a dozen years. Draintile and structural 
brick were the chief manufactured products. The works were 
located along West Indian creek, immediately north of the 
C. & N.-W. right of way. Thé raw material was obtained | 
from the east bank of the creek. 

The Paul Nelson Tile works were in operation a number of 
years at this place. The plant is situated near the railway 
station, and the raw material used was obtained south of the 
railway track near the Lyman pit. While neither of the 
above plants are entirely dismantled, neither was in active 
operation during the current year.. In 1897, the S. M. McHose 
Brick and Tile plant was established on the West Indian 
ereek, just south of the Ames-Nevada wagon road. Here 
nearly twenty feet of clays and shales are available with com- 
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paratively little stripping. In the following section, all save 
the drift and the arenaceous layer is utilized. 


ie sOPrith; bowldery, caleareous i. %.-/cire coe sec ces eens oad 5 
_ 6. Shale, blue, variegated; containing much ferruginous 
staining along the joint planes and known as ‘‘ calico 
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The plant is equipped with dry-pan, pugger and Hoosier 
Brick and Tile mill. Ample drying sheds are provided, and 
both air and steam are used. Three days are required to dry 
the brick by steam, while two days proves sufficient for tile. 
Four round, down-draft kilns, of 48,000 brick capacity each, 
are used in burning. Ordinary brick is burned in seven days. 
For common brick and tile one part of alluvium or hillside 
wash is added to two parts of the clay shales. The loam 
heightens the color and facilitates the burning, though it 
weakens the product. Common structural brick and drain- 
tile, the latter varying from three to twelve inches in diam- 
eter, constitute the chief product. Fire brick and pavers 
have been produced in small amounts. The paving brick 
examined were ‘‘end cut’’ and the lamination exhibited in 
cross-section was very pronounced. The product vitrifies 
very wéll, and the lamination could be, in large measure, pre- 
vented by more careful mixing and tempering, or it could be 
rendered less pronounced by side-cutting the brick. How- 
ever, the plant can scarcely be said to be fully installed as 
yet, and the intelligence and good judgment displayed in its 
equipment are certainly very commendable. 

Roland.—In the southern part of town is located the Swen- 
son & Co. Brick and Tile works, which have been in operation 
for nearly a quarter of a century. The plant has been under 
the present management since 1886, though until the past 
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year the’firm name was Swenson Bros. The clay is obtained 
from the bank of Bear creek. Seven or eight feet of shales 
of good quality are exposed, black below, and light grey to a 
variegated yellow above. Under lying ' the material used is ten 
or twelve inches of dark blue to black clay, containing iron 
pyrites; while overlying the deposit is a foot of sand and 
gravel, followed by a foot of black loam. The loam and some 
sand is mixed with the shales in treating them to deepen the 
color and render the ware more easily worked. The Potts 
disintegrator and Brewer machine are used, The ware is air 
dried and burned in a round, down-draft kiln. Tile, ranging 
from three to ten inches in diameter, form the chief product, 
though of late years a considerable number of common brick 
have been manufactured. 

Maxwell.—The Charles E. McHose Brick and Tile works 
are located about a mile east of town, on the Chicago, Mil- 
waukee and St. Paul railway. The plant is equipped with a 
Potts disintegrator and the Ideal brick and tile machine, 
made at: Decatur, Ill. Drying is done chiefly through natural 
heat, though aided somewhat by exhaust steam. One down- 
draft kiln of 30,000 capacity is employed in burning. The 
time required is eighty hours. Draintile from threes to 
eights inclusive, and side-cut common, and end-cut paving, 
brick constitute the manufactured product. The milling and 
tempering of the raw material is very imperfect, and the 
small kiln capacity, which leads to forced burning and too 
rapid cooling, are responsible for the great loss suffered 
through checking of the ware and for the poor quality of the 
manufactured product. 

The pit is located about one-half mile south of the works. 
About fifteen feet of Carboniferous shales are available, and 
very little stripping is required. The section is as follows: 


4. Drift, weathered above, but calcareous below......... 6 
3. Shale, gray; slightly arenaceous.-.......0....cere0e88> 8 


LOESS CLAYS. pipe 


2, Shale, variegated, much iron-stained along the joint 
and bedding planes; a limonitic, concretionary layer 
occurs about two feet from the base; iron concretions 
Bre COMMON CATORAHOULS ne). « seveie.s, © detec bs cave slopes Hf 

Le PANE SLONS, OX POSER. coor iararnies soe oe, vo Path e's eoota tos Sahel ond 


The shales are of good quality and an enormous quantity is 
in sight. Number 3 is difficult to burn when used alone, but 
when mixed with number 2 yields more readily, and takes on 
a more desirable color for structural purposes. 

The coal measure shales have been developed intermittently 
at other points during the last decade. Several firms have 
operated from time to time in the vicinity of Story City, but 
none were in operation during the current year. 


PLEISTOCENE CLAYS. 


Ames.—Clay working has been practiced in the vicinity of 
Ames for almost a third of a century. The plants were 
located along Clear creek, a branch of the Squaw, about 
three miles west of the railway crossing at Ames. Many of 
the brick used in the construction of the main college build- 
ing, and the rough brick used in several of the later buildings, 
were made in these yards. Here a heavy bed of loess occurs 
and has been utilized for soft-mud brick. At the pit the 
following beds are exposed to view. 


2. Drift, yellow; upper portion modified into soil...... 5-10 

1. Loess, the upper portion oxidized a yellowish-buff in 
color, two to five feet; lower portion a gray blue, 
exposed, five boreighb TECH i el. As ess eres oyelece 12 

Gastropod Mollusks, as mentioned in an earlier paragraph 
in this paper, abound throughout the loess. Lime concre- 
tions are somewhat abundant in the slightly oxidized zone, 
and when worked in with the raw material have a deleterious 
effect on the manufactured product. : 

Cameron & Lyon operate the works at present. Some 
brick and draintile of the smaller sizes constitute the sole 
manufactured product. 

20 G Rep 
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Kelley.—The Kelley Tile works, J. M. Stark, proprietor, 
were established in 1887. The plant is located just east of the 
railroad station, though the raw material is secured from a 
pit along Walnut creek, about two miles east of town. Com- 
mon brick and the more common sizes of draintile are the 
chief products. A smooth-roller, Penfield crusher, and a 
Hoosier brick‘and tile machine constitute the machinery used. 
Round, down-draft kilns are used, and the siliceous clay with- 
stands much heat. There is considerable lime, in a finely 
divided state, in the raw material, and to prevent air slacking 
it is necessary to heat to high enough temperature to vitrify 
slightly the product, and, perhaps, to fix the lime completely 
in the form of the silicate. The raw material here, as at 
Ames, is the loess.. Considerable stripping is made necessary 
in order that the deposit may be worked. The loess is blue 
gray, jointed above, and grades downward into a massive, 
structureless deposit, which is finally terminated by a grav- 
elly layer of an earlier drift sheet. The deposit is highly 
siliceous and fossiliferous throughout. 

Maxwell.—Prince Shope owns and operates a small plant 
near Indian creek. Hillside wash and alluvium are wrought 
into mud brick. ; 

Numerous other small factories have operated during brief 
seasons and then were abandoned. Handmade brick were 
the more common product. 

Searcely more than 36,000 worth of clay goods, manufac- 
tured in Story county, were sold during 1897. The entire . 
output was consumed at home, and in not a single department 
was the output sufficient to supply the local demand. From 
the beginning of the tile industry the production has never 
been equal to home consumption, and the deficit has been sup- 
plied by neighboring counties no better equipped, so far as 
the natural resources for tile making is concerned, but, per- 
haps, more resourceful in using what they had. Only a 
minor portion of the common brick used were made within 
the county, and no attempts have been made to produce dry- 
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pressed’and fancy brick. A few pavers and fire brick have 
been manufactured, sufficient, merely, to demonstrate the 
possibilities along that line. The Pleistocene deposits afford 
an abundance of material suitable for structural and dry- 
pressed brick, and draintile, while the coal measures offer, in 
addition, material suitable for the vitrified pavers and more 
refractory fire brick. 


Building Stone. 


Story county is poorly supplied with stone suitable for 
structural purposes. The Saint Louis limestone affords a 
limited quantity of stone adapted to foundation work and‘use 
in the rougher grades of masonry. The rock is, as a rule, 
highly absorbent and does not stand frost well. Its earthy- 
buff to gray-buff color gives it a dull, somber appearance, 
which increases rapidly on exposure on account of the readi- 
ness with which it takes up foreign matter, Some quarrying 
has been done at nearly every one of the outcrops in the 
county, though in no instance does the annual output of any 
single quarry exceed a few dozen cords of rough stone. 
The ledges developed are practically the same at all points. 
The section exposed north of Hannom’s mill may be con- 
sidered a fair average, and is as follows: 


6. Till, pale yellow; unoxidized and unleached......... 0-6 

Till, oxidized toa deep, reddish-brown and thoroughly 
leached; much weathered limestone and many 
decayed granite bowlders, and numerous, tolerably 


ON 


fresh preenstones present... 2. ..ce2 ces ceca tee ome 1-3 
4, Limestone, residual; reduced to an iron-stained, cav- 
(SV SaYOW NISC) ES ike. cae AMAA DO ORI Be IGOLEE Le Coca Oe 1 


3. Limestone, arenaceous; where unaltered, a bluish- 
gray, but weathering stains it a yellowish-brown; 
not thoroughly indurated, though when unweath- 
ered presents a massive appearance ............. 5 

2. Sandstone, bluish-gray, shaly; presents a fissile char- 
acter after being exposed to the weather, and 
forms a marked re-entrant in the quarry face..... 3 

1. Limestone, impure, buff to earthy-yellow, gray buff 
when unweathered; heavy bedded, compact; litho- 
graphic in part, chief quarry stone, exposed...... 8 
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At the Bloomington quarries more of No. 1 is exposed. 

Well borings and other artificial excavations seem to indicate 
that no other quarry rock may be looked for in the region. 
The drift, especially in the morainal regions, affords great 
numbers of bowlders suitable for nearly all purposes to which 
stone can be put. They range in size from the cobble to 
great blocks, large enough and of suitable quality for monu- 
ments. In the early history of the county bowlder land was 
very much shunned by the pioneer settlers, and any attempt 
to render it arable was sure to prove a heroic test of the 
Christian fortitude of the would-be tiller.. Splendid granites 
were piled up in fence corners and along roadways. In recent 
years the bowlders are being rapidly transformed into shapely 
blocks which appear in the foundations of substantial struc- 
tures. It is found that these rough masses of stone yield 
readily to skillful treatment, and when tastefully arranged in 
a wall the effect is most pleasing and the structure is almost 
imperishable. In a measure, then, the Pleistocene bowlders 
make good the deficiency of structural materials in the older 
terrains. 

Soils. 


Agriculture is the chief industry of Story county, and the 
wealth of the community depends upon the fertility of the 
soil. The county possesses no barren or untractable land. A 
considerable percentage of its surface has not yet been 
brought under cultivation, but this is not a matter of any 
inherent property of the soil, but is wholly due to outside 
environment. As has been previously stated, the surface is 
immature. Nature has not had sufficient time to establish 
perfect drainage systems, and many undrained basins of small 
area persist. By the introduction of tile drains man is simply 
abridging natural processes, and at no distant day it may be 
confidently expected that no land will lie idle on account of 
improper aeriation and drainage. 

The soils of the county resolve themselves readily into 
three groups, viz: alluvial, terrace and upland. The first are 
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coincident with the flood plains of the larger streams, and 
comprise an area of about twenty square miles. The allu- 
vium, when mixed with organic matter, forms a rich, black 
loam, and is one of the most tractable and productive soils in 
the area. Its low level, however, renders it liable to inunda- 
tion during seasons of high water, and hence subjects the 
farmer to occasional losses. | 
‘The terrace soils are limited to Skunk river and its greater 
affiluents, and comprise the smallest area of any of the types 
mentioned. They are uniformly underlain with gravel, and 
hence do not retain water well through seasons of extended 
drouth. On the face of the terraces where the gravels out- 
crop seeping springs are formed. Ordinarily small grain 
does well on the terrace soil, but underdraining is rather too 
rigorous to ensure a good crop of corn unless the season be 
unusually wet. | 
The upland type comprises by far the greater portion of 
the county. It is essentially a modified Wisconsin till, stained 
a gray black with humus, and varies from six inches to three 
or four feet in thickness. In the numerous basins it is heav- 
ily charged with humus and assumes a jet black color. | 
When properly drained and aeriated, the upland type com- 
pares favorably with the bottom land in productiveness, and 
is not subject to periodic inundation. To show that the pro- 
ductiveness of the Wisconsin drift soil depends largely upon 
ventilation and drainage the subjoined table has been com- 
piled. This table also shows, in a general way, the relative 
value of the principal drift-sheets as producers. Corn has 
been selected because it is believed to respond more readily 
to soil treatment along the lines outlined above, is the most 
generally grown of any of the cereals, and requires the entire 
season in which to mature, for which reasons it ought to 
give a more correct measure of the real productiveness of the 
soil. Story county may be considered typical for the Wiscon- 
sin drift, Grundy for the Iowan and Poweshiek for the loess- 
covered Kansan. The first is characterized by a surface very 
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imperfectly drained and but little stream dissected. In the 
second the surface is monotonously even, but the drainage is 
fairly complete though the water escapes slowly, while the 
last represents a perfectly drained area. In the first period 
selected tile-draining was in its infancy and but little drain- 
tile had been laid in any of the counties. In the last trio of 
years selected artificial drainage has been extended greatly 
in Story county, and to this cause more than to any other is 
the greatly increased yield per acre ascribed. 


Yield of Corn, in Bushels, Per Acre * 


CORN YIELD PER CORN YIELD PER | La 
wate AORE FOR— ACRE FOR— 3 : 
ne 

1885 | 1886 | 1887 | av. || 1895 | 1896 | 1897'| ave bce 
Staryo doceaenoek 30.6 | AB | 208) 218 Ne 47 ely 8 tcl BT | BSE: 17 
Grundy oes ees 37° | 30 | 25 | Soe || 41 | 50 | 33 | 44! 31 
Poweshiek ooo fe 0.ahe 302 [S20 a0 aOe Wek Ade pasOc— -aTeciaas 


Road Materials. 


Along the larger streams the terrace gravels afford an 
abundance of material suitable for road macadam. The rail- 
roads have developed these gravels at Maxwell along Indian 
creek, and west of Ames along Squaw creek. About ten feet 
of gravel is available at each place, and comparatively little 
stripping is required. Away from the streams, in the morainal 
regions, numerous gravel knobs and kame-like aggregations 
furnish great quantities of material suitable for road making. 
At other points in the county ballast is scaree, and the roads 
in the country and the streets in the towns are uniformly bad 
in wet weather and almost impassable in the Spring of the year. 


Building Sand. 


Sand in every way suitable for building purposes and for 
plaster is found in nearly all of the stream channels, and in 
the gravel terraces and the sand and gravel knobs so much in 
evidence in the morainal regions of the Wisconsin. The 


*The statistics are taken from the Iowa Agricultural Reports. 
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Fia. 27. '\The Gary terrace at Soper’s mill, showing course bowlder gravel over- 
lying undisturbed Wisconsin till. 


extensive sand flats along the Skunk furnish unlimited quan- 
tities of sand adapted to the rougher grades of masonry, while 
the finer grades of sand are often obtained in pockets in the 
morainal and terrace accumulations. 


Potable Waters. 


Until recent years, within the region under discussion, 
water of good quality and adequate in quantity for domestic 
purposes was derived from shallow drift wells. Such wells 
varied from ten to rarely more than fifty feet in depth. Dur- 
ing later years the increased supply demanded by stockmen, 
and the series of dry years, caused the shallow wells to be 
abandoned, as they proved inadequate to meet the greater 
demands placed upon them under such trying conditions. 
Accordingly, deeper wells have been put down throughout the 
county. The chief sources of water appear to be the sands 
and gravels at the base of the Wisconsin drift or of the entire 
Pleistocene series, the interstratified sands and silts in the 


f 
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valleys of the Skunk river, Squaw and Indian creeks, and cer- 
tain arenaceous layers in the Lower Carboniferous series. 
Several pretty well defined artesian areas belong to the first 
group. Of these, Keigley’s branch, Zearing and Dye’s branch 
constitute the most noteworthy artesian basins in the order 
of their importance. ‘‘ Watkins’ well” is the strongest well 
in the Keigley’s branch basin, and may be considered typical 
of the area. The sequence of strata passed through is as 
follows: 


FEET. 
Bot SO ceo as St hx SCN k PRGA Pew ain ea ard apes 3 
és: Glay Syenlow. «5. ic oc. shoes ieee Sige eee heehee eae 
Sux CIRY DIG 2 sa sae Serre Pe OE Se ein we Seago eS 35 
2. Gravel and sand, water bearing... ........ 0. 66.65. ee 7 
1...) Blue‘ elay, penetrated. <<. b.S55u pseudo anes eeeeeee 


It is reported that the drill dropped nine feet on reaching 
the gravel, and that water carrying gravel with it, spouted 
out with great violence. Bowlders of several pounds weight 
were thrown out. A sample of the water was analyzed by 
the U.S. Geological Survey in 1885, and the result is herewith 
appended: 

Total Solids, 0.471 Grams Per Liter. 


cn 
=: |. PROBABLE 
SOLIDS FOUND. 83 | compmation. 
48 
a 
STOR: ke ORO is ar 3 NE ES OU Se eee el | 5.31] SiO, 0.02: 
O20, 4.00060 0.8 £9. Jot 4- a> seein Sains Sh ans enn } 1.28} Fe,O, 0.0060 
SRL co Hee ures J EN ee eke | 18.90 | CaCO, 0.1990 
Mg 0.0356 Se Qe atak BROS Get ce wees UaAe ee ee eee 7.56 | Mg CO, - 0.1246 
Na BQOOT teas ag << wih co eee oie Ue one eee 10.64 | NaCO, 0.1155 
eta etn ta aos Sa ee a oa eee A ah 255 
PaGly OU ah oh Ske ee ee |_s9.st | 0.4701 
SOS aie tes Sa oe ict oe ES CO REE Se Siren ere None 
Gl ooo ocsa tsi ven Ree See bik Se en Se ee Trace 
LCF Re eee URL 08 ic a Pe eee A Trace 
GOs so osteo. Beatle Se hese ren ee ae et ee ee 0.3920 
OO ig vas. cael wicbw cake Bed tals SA Eee Ee eee ee 0.2738 


Total CO, in one liter, determined by R. B. Riggs, deduct- 
ing the CO; required in the third column, leaves 0.1912 grams 
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for the bicarbonate. The water contains much suspended 
sediment, 


OLDS PAUL rc/ay3) yeare aie mime Lat lea ep alors, aro five dha 48° Fahr, 
EVAtC OL MO Waa ste Maia lsc! ava ptrnca sites 28,000 gallons per hour. 


There are numerous other flowing wells in this vicinity, but 
all of small flow. In the majority of instances the tempera- 
ture is 2° or 3° higher than in the case of Watkin’s well, and 
about 5° higher than in ordinary shallow wells in the same 
locality, which shows a temperature of about 45° to 46° Fahr. 

In the Zearing basin all of the wells are located on the bot- 
tom land along Minerva creek, within a radius of a mile from 
the town of Zearing. Allare of small capacity and vary from 
sixty to ninety feet in depth. , 

Along Dye’s branch several flowing wells have been devel- 
oped. The water-bearing stratum is reached at from eighty 
to 120 feet below the surface, the depth depending upon the 
position of the mouth of the well. The water is of good 
quality, but, as in the case of the preceding basins, it carries 
considerable ferruginous matter, as evidenced by the taste, 
and by the brownish rust which coats all vessels in which the 
water has been allowed to stand. 

Several other flowing wells are known at widely separated 
points in the county, but in every case they are of small 
capacity and possess little of general interest. One fact, 
perhaps, worthy of repetition is that, in all casesso far asinves- 
tigated, the water in flowing wells run from 3° to 5° warmer 
than the water in the non-flowing wells in the same localities. 
The temperature for the latter accords very closely with the 
mean annual temperature of the region while the waters which 
supply the former, have, perhaps, received some increment of 
heat by coursing through strata below the plane of variation. 

Ames, Cambridge, Iowa Center and Maxwell draw their 
water from the alternating sands and silts of the Skunk river 
and Indian creek. The supply is abundant and the quality 
satisfactory. Therailways which cross these streams secure 
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Ames 


all of which are water-bearing. 


Fig. 28. Cross-section of Squaw creek and Skunk river valley at Ames, showirg the gravel terrains at aa, bb and cc, 


their water supply from the same 
source as the towns. 

In the eastern half of the county 
numerous wells obtain their supply 
from the arenaceous beds or the lime- 
stones of the Carboniferous. The 
majority of these wells vary from 200 
to 400 feet in depth. The water is 
uniformly good, but the supply is 
very variable. In two instances, at 
Nevada and Ames, the deeper strata 
have been explored. The former ob- 
tains a satisfactory supply from are- 
naceous layers in the upper Silurian, 
while the latter draws chiefly from 
the Jordan sandstone of the Saint 
Croix. In the latter instance, the 
reservoir lies more than 1,100: feet 
below sea level, but hydrostatic pres- 
sure brings the water within thirty 
feet of the surface, or 970 feet above 
tide. Hence the head is nearly 2,000 
feet, and exerts a pressure of about 
850 pounds per square inch. The 
supply is sufficient to sustain a con- 
tinuous flow of about 8,000 gallons 
per hour, reducing the water level 
to about 250 feet below the surface. 
The dimensions of the well may be 
observed, drawn to scale in plate iii. 
Complete sanitary and mineral anal- 
yses of the water were made by 
Prof. J. B. Weems of the depart- 
ment of agricultural chemistry of 
Iowa State college, and are given 
below: 
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. Temperature Observations™ on the College Well at Ames, and on 
the Deep Well in Greenwood Park, Des, Moines, lowa.—The con- 
dition of the earth’s interior must always be an interesting 
question to the student of earth physics, and data which will 
throw any light upon this obscure problem have, in all times, 
been sought for eagerly by geologists and physicists alike. 
The rate at which the temperature increases as the earth’s 
crust is penetrated has been recorded in numerous instances 
both in Europe and in America. The commonly accepted 
increment which has found its way into our leading text-books 
is 1° Fahrenheit for every fifty-three feet descent. The data 
upon which this unit was based were derived, largely, from 
mine shafts and well sections located in or near disturbed 
areas, or areaS whose sedimentary rocks contained igneous 
injections. Later observations, made in regions where the 
sedimentary series have remained practically horizontal 
throughout all time and igneous rocks are absent, have 
tended to lengthen the interval. ° 

Among the most recent and reliable contributions to this 
subject are those of Prof. William Hallock, of Columbia col- 
lege, on the deep well at Wheeling, W. Va., and Mr. E. 
Dunker, of Halle, Germany, on the deep wells at Sperenberg, 
near Berlin, and Schladabach, near Leipzig. Professor Hal- 
lock’s results for the Wheeling well give a gradient of 1° F. for 
every 81.5 feet, down to 3,200, and below this point an increase 
of 1° F. for every 60 feet was recorded. Mr. Dunker’s obser- 
vations at Sperenberg give a gradient of 1° F. for every 59.2 
feet, and at Schladabach the increase is 1° F. for every 65 
feet. | . 

The temperature observations conducted under the direc- 
tion of Prof. A. Agassizt on the Calumet and Hecla mine, in 
the Lake Superior copper district, give results somewhat at 


*The writer desires to acknowledge his indebtedness to Prof. William Hallock, of Columbia 
college, for many he)pful suggestions. Among the many courtesies extended by the depart- 
ment of Mechanical Engineering of the Lowa State College, special credit is due, for devising 
an ingenious contrivance for lowering the thermometer and measuring distances, without 
which the observations could not have been made. 

+Am. Jour. Sci. (3), vol. L, p. 503, 1895. 
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variance with those earlier reported. The plane, 105 feet 
below the surface, with a temperature of 59° F. was assumed 
as the level unaffected by seasonal changes. The mine reaches 
a depth of 4,580 feet and has a temperature of 79° F. at the 
bottom. This gives a differential of 20°, or an average 
increase of 1° F. for every 223.7 feet. 
The wells upon which the present observations were made | 
are practically full of water and had not been disturbed for 


| ore th th 
Temberature Observations on the more than a month before 


College and Greenwood Fark Dee Wells the temperatures were 
Seer hel a taken. PROTESS Or Hallock’s 
TIP TY IIIs JAVA ISSN investigations onthe Wheel- 
|" fe cl ma Bas u ing well, both when the well 
Ny N TTL) = was dry and when full of 
| swe | 4. water, shows that convec- 
Li a lad BY Be | | 4 tion currents are essentially 
HH] HN F : Liitittili ttt md and may be neglected 
at : i + in ordinary temperature re- 
; 5 aa hits P| ductions. No corrections 
ed ok a Ds ea ) : 
| x r{ are made for convection cur- 
[| iN chit A rents nor for conduction, in 
i ory i deal the present investigation. 
H | SEED: ‘ti tity A Miller-Casella self-regis- 
Lt . 44 ate tering, maximum-minimum 
t i, ‘+ thermometer* was used. 
RAGE “y7T,;| The instrument was low- 
| iN F ay ered and the depths meas- 
| | a Hea ured by a steel wire which 
| ae i i, passed around a calibrated 
| aa HH drum. In the college well, 
y Pe iT Th readings were taken every 
| 


an 100 feet, while in the Green- 

bere wood park well the inter- 
val between readings was 250 feet. The results are 
shown in Figure 29, where the temperature gradients are 


*Generously loaned by the U. 8. Fish Commission. 
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drawn to scale. The mean annual temperature at Ames* is 
47.2° F., while the temperature at 2,100 feet is 63.4° F., and 
the mean average gradient is 1° F. for every 129.6 feet. The 
mean annual temperature at Des Moinest is 48.7° F., and the 
temperature at 2,250 feet is 70° F., giving an increase of 1° 
F. for every 105.6 feet.. The temperature gradient for the 
college well isa more or less uniform curve, while that of the 
Greenwood park well is a parabolic curve. In the latter 
instance the temperature increment is 1° IF. for every 63.4 
feet through the first 1,250 feet, while the last 1,000 feet 
measured shows a total increase of but 1.7° F. 


Natural Gas. 


Several years since Mr. J. F. Taylor, in sinking a well on 
his farm, struck a flow of natural gas. The flow was suffi- 
cient to furnish the family with heat and light, and was so 
utilized for several years. The gas pressure is reported to 
have continued undiminished until the well was filled in some 
two years ago. The boring was located on the Ne. qr. of the 
Sw. + of Sec. 26 in Nevada township. The mouth of the well 
is on the upland, and the gas-bearing stratum was reached at 
about ninety feet below the surface after two feet of indu- 
rated rock had been penetrated. Two test holes were put 
down in the near neighborhood, and in each instance gas was 
reached at somewhat lower levels, but under practically 
identical circumstances as in the case of the first well. The 
gas reservoir appears to be located in the coal measures, and 
to be separated by several feet of more or less impervious 
strata from the drift. This factis of some interest, for in most 
of the gas wells reported from the southwestern portion of 
the state, the reservoirs are located wholly within, or just at 
the base of, the Pleistocene deposits. The occurrence is 
strikingly similar to the gas and oil wells in Kansas, which. 
draw their hydro-carbon from the Upper Carboniferous. 


*Reduced by J. R. Sage, director of the lowa Weather and Urop Service. 
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It has often been prophesied that gas and oil would be found 
in the Trenton limestone of Iowa, providing a low anticlinal 
in the formation can be found and explored. Prospecting has 
been carried on at great expense in Polk and Dallas counties, 
by parties familiar with the eastern oil fields and said to be 
backed by eastern capital. The records of the drillings were 
kept secret, and an air of secrecy surrounded the whole oper- 
ation. One fact only is known to the public, and that is that 
nothing ever came of these ventures. In Story county the 
Trenton limestone has been explored at but a single point. 
The college well at Ames appears to be ideally located to 
test the ‘‘gas theory”’ thoroughly for Iowa. The arch of 
Trenton, hermetically sealed in by the Maquoketa shales, 
was punctured near its greatest amplitude, and so far as 
known not a bubble of gas ora drop of oil escaped. Prof. 
Edward Orton’s* prediction, ‘‘there is a strong presumption 
that the Trenton limestone will not prove an oil rock or a gas 
rock in any new field”’ still holds unchallenged. 
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* Eighth Ann. Rept. U.S. Geol. Surv., p. 662, pt. 2. 
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BY L. H. PAMMEL. 

The flora of - Story county has been well treated by Bessey*, 
who made various references to the plants of this vicinity. 
Later Hitchcock+ published an exhaustive list with full notes 
on distribution. No attempt has heretofore been made to 
study the plants of this county from an ecological standpoint. 
For our purpose two typical areas will be considered, one a 
wooded area in the vicinity of the college, mostly embraced 
by what is known as the college park; the other, a lowland 
area in the vicinity of Watkin’s well. 


COLLEGE PARK. 


This area consists of low, thickly wooded hills sloping 
toward the west, with several gulleys running north. The 
hills on the opposite side slope toward the southeast, and are 
almost denuded. Running through this wooded tract is a 
small stream which contains running water during the early 
summer months only.. Some water remains the entire year in 
small pools. Perennial springs are few in number; the 
removal of the timber and tile drainage has largely decreased: 
the amount of water coming from them. The surface soil is 


a rich humus which rests on a yellow clay sub-soil. The 
water of the small stream flows into Squaw creek. ‘The flood 


plain varies greatly in width; it is made up of the usual rich 
alluvium; and, near the present bed of the river, of ies 
able sand. 


*Bessey, O. E. Contributions to the Flora of Iowa, Biennial Report, Iowa Agrl. College, 90 
+ Hitchcock, A.8. A catalogue of the Anthophyta and Pteridophyta of Ames, Iowa 
Contri. from Shaw School of Bot., 7: 477, St. Louis Acad. Sci., 5, No. 3. 
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Woody Species, Ostrya Group.—It is difficult to designate 
any one tree as being characteristic of the narrow strip of 
timber remaining along the course of the streams, but along 
all the smaller streams in this region, and in the college park, 
Ostrya is typical for many others. The white oak, Quercus 
alba, and red oak, Q. rubra, are common in the entire region. 
The Ostrya virginica is more abundant in numbers than any 
other tree. Frequently dense copses are found. The black 
maple, Acer nigrum, is a typical tree and is as abundant as the 
black oak. The basswood, 7ilia americana, is commen only 
in places, especially where the soil is highly retentive of 
moisture, as in the vicinity of springs or on steep banks of 
the Squaw creek, where it naturally receives the drainage of 
the bench above. The Crategus mollis is abundant, not only 
near the base of the hills, but frequently persists in the large 
open pastures where most other trees have been removed. 
The hazelnut (Corylus americana) is associated with the 
Ostrya, Quercus and Acer. The Ulmus americana encroaches 
on the upland area, but U. fulva is a typical upland species. — 
The Amelanchier canadensis, Cratwgus tomentosa, and C. punc- 
tata all occur in upland woods. Fravinus viridis, though 
occurring with the above species, is not exclusively an upland 
plant. . 

The Ampelopsis quinquefolia, Menispermum canadense, Vitis 
riparia, and Celastrus scandens represent the climbing plants. 
Lonicera glauca and Viburnum pubescens are local and oceur 
only on the steep banks near the streams. Prunus americana 
and Lubus villosus are common in some places. Pyrus coron- 
arva is common only on the borders of the alluvial flood 
plains. The Salix rostrata near springs associated with Caltha 
palustris. The Salix nigra along the stream with Sambucus 
canadensis Salix amygdaloides in similar places. 

Herbaceous Plants, Viola pubescens Growp.—The upland, 
rich, shaded woods are marked by the common occurrence of 
several types. The most common of the early plants //epatica 
acutiloba which forms large mats; the Dicenera cucullaria, 
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- Sanguinaria canadensis, Viola cucullata and V. pubescens in 
quantity. Jsopyrum biternatum, Phlox divaricata, Erigeron 
phitadelphicus, all marked early April and May plants, fol- 
lowed by the Osmorrhiza brevistylis and O. longistylis, Thalict- 
rum dioicum. Aquilegia canadensis, in richer and moister 
places Hrigeron strigosus. ‘The summer and fall plants are 
marked by Cystopiris fragilis, Solidago ulmifolia, Aster sagitti- 
folius Eupatorium ageratoides, EL. purpureum, var. maculatum. 

Festuca Group.—Economie grasses are not abundant. Blue 
grass (Poa pratensis) oceurs in the more open places. The 
nodding Fescue grass (Festuca nutans) is the most abundant 
of all the grasses in early spring. Later a species of Brome 
grass occurs rather commonly, namely, Bromus ciliatus, var. 
purgans. Brachyelytrum aristatum blooms about the same time, 
but is lesscommon. The Oryzopsis melanocarpa also occurs in 
these woods, but it is scarce. It has no tendency to occur in 
colonies; like so many of our grasses, but occurs in separate 
bunches. The Diarrhena americana occurs more frequently. 
Phryma leptostachya, Circea lutetiana and Podophyllum peltatum 
are abundant. The Caulophyllum.thalictroides is less common. 
Monarda fistulosa occurs more commonly as a border species. 
The Verbesina helianthoides borders the low grounds. Thalic- 
trum dioicum is common in the woods. The dry open woods are 
covered with Poa pratensis, and later in the season Sporobolus 
heterolepis, Elywus robusta, Andropogon nutans, and A. provin- 
cialis; all of these, with the exception of blue grass, are indi- 
genous prairie species. 

Open Prairie Vegetation.—The praires border on the woods 
and are marked by several distinct types of plants. The most 
abundant of the early flowering plants is Vicia americana, and 
we may designate this the Vicia group. With this species 
occur the following early plants: Phlox pilosa, Geranium 
maculatum, Viola palmata var. culcullata, V. petatifida, Litho 
spermum canescens, L. augustifolia, Baptisia leucophea, Heuchera 
americana, Fragaria virginiana, Oxalis violacea, O. corniculata, 
Panicum scribnerianum Carex pennsylvanica and Thalictrum 
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purpurescens; of the later blooming plants Eryngium yucce- 
folium, Silphium laciniatum, Lratris pycnostachya, L. scariosa, 
Asclepia tuberosa, Lepachys pinnata, Mollugo verticillati, are 
contemporaneous in flower with Hlymus robdsta. Then come | 
the fall asters, numerous in species, Aster azureus, A. multt- 
florus, A. laevis. a ie 

The Solidago missouriensis is the earliest, and one of the 
most common species, followed by S. rigida. The Solidago 
speciosa, a late flowering plant and a most beautiful species. 
Cnicus altissimus var. discolor is common everywhere in late 
season. Of the grasses we find Andropogon scoparius, A. prov- 
incialis and A. nutans. Here and there may be found Gentiana 
alba and G. andrewsii and, occasionally, G. puberula. Buta 
single orchid is common in this section of the state, the Spir- 
anthes cernua, which occurs in great abundance on the prairies. 
Sporobolus heterolepis is an abundant and graceful grass every- 
where on our prairies. 

Stream Vegetation.—The vegetation along the small streams 
consists largely of blue grass (Poa pratensis), and in the lower 
places Spartina cynosuroides. The Glyceria nervata is rather 
common along the streams and in the lower places, also, 
Glyceria arundinacea. Phleum pratense is abundantly natural- 
ized. Veronica anagallis, Mimulus ringens, Hragrostis reptans, | 
Cyperus diandrus, all hydrophytic plants, are common where 
the water stands for considerable lengths of time. 

The Anemone pennsylvanica and Ranunculus pennsylvanica 
are common in low grounds. The former easily typifies low 
grounds where a large percentage of humus occurs. Xanth- 
ium canadense is abundant in sandy flood plains of the streams. 

Only five woody plants are common to the prairie, namely: 
Rosa blanda var. arkansana, Ceanothus americanus, Salix humilis. 
The Amorpha canescens and Ccanothus ovatus on dry hills. 

Alluvial Flood Plains.—In the alluvial flood plains occur 
two types of plants: (1) The mesophytic, which are abundant 
throughout the flat bottoms, with very few modifications. 
(2) The hydrophytic, which occur close to the shore lines of 
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the stream. There is, however, an intermediate type repre- 
sented by Cenchrus tribuloides. These occur on the drift sand, 
or shore line, between the water and the alluvial banks. 

Mesophytic, Walnut Group.—The Black walnut is a typical 
alluvial species. It is never common beyond the influence of 
the alluvial drift. Throughout this region.the species is a 
predominating plant in such places. It reproduces itself 
readily. Occasionally the butternut (Juglans cinerea) occurs, 
but only on the edges where it is seemingly influenced by the 
drift soil. The Kentucky coffee tree (Gymnocladus canadensis) 
is also an abundant alluvial species. Fraxinus viridis, and F. 
americana are local. Ulmus americana, Populus monilifera 
are other conspicuous species of this walnut group. The 
Celtis occidentalis occurs near the streams. The Vitis riparia 
is as abundant as it isin upland woods. Sambucus canadensis 
is an abundant species, and in clearings is almost a weedy 
species. Pyrus coronaria as well as Cratequs mollis sometimes 
form large thickets in the alluvial flood plains. 

Mesophytic Herbaceous Vegetation.—The dense shade of the 
trees forms a most favorable place for Claytonia virginica, 
Phlox divaricata, Isopyrum biternatum, Viola pubescens, Dentaria 
laciniata and Arisaema draconitum. 'These are early blooming 
plants. Somewhat later, Thelypodium pinnatifidvm, Ranuncu- 
lus septentrionalis and Rk. abortivus. During mid-summer, 
Impatiens pallida, I. fulva and Rumex altissimus. During late 
summer and early fall the following species are abundant: 
Verbena urticefolia, Scrophularia nodosa var. marylandica, 
Bidens frondosa, Aster salicifolius, A. diffusus, Helenium 
autumnale, Erichites hieracifolia, Solidago canadensis. Xanthium 
canadense and Vernonia fasciculata are weeds in many of the 
low bottoms. 

Hydrophytic Vegetation of the Streams.—-The list of strictly 
hydrophytie plants is not a large one, owing to the fact that 
many of the streams become dry during midsummer, and 
these plants can only maintain themselves in the small 
remaining pools. The most conspicuous of these are Scirpus 
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lacustris, Veronicr anagallis, Nasturtium officinalis, Penthorum 

sedoides, Cyperus diandrus, Hemicarpha subsquarrosa, Ilysanthes 

gratioloides. Of the plants of somewhat hydrophytic aptitudes 

mention should be made of Mimulus ringens, Lobelia cardinalis, 

L. syphilitica, Steironema longifolium and Lythrum alatum. 
Platanus occidentalis confines itself quite closely to the shore 

lines of the streams. 


WATKIN’S WELL REGION. 


Watkin’s well region is selected because it offers an inter- 
esting field for the study of a large number of marsh plants. 
The surface soil is a very tenacious black clay, with a sub- 
soil of a yellow tenacious clay which prevents sub-soil drain- 
age, and hence the marshy character of the region. A typical 
section of this region may be found in the immediate vicinity 
of Watkin’s well, in the midst of the artesian basin. Trees \ 
are entirely absent, except along the small streams. Here we 
find Ulmus americana, Salix longifolia, Quercus macrocorpa and 
Q. rubra Of the shrubs fosa blanda var. arkansana, Amorpha 
fruticosa, and Ceanothus ovatus on the highest hills. The 
Ceanothus americanus more commonly on the upland prairies. 

Hydrophytic Plants——In the small artificial lake, which is 
representative of the aquatic vegetation elsewhere in small 
lakes abounding in this region, the following plants occur: 
‘Ranunculus aquatilis and R. multifidus are abundant in the 
entire region, especially R. multifidus var. terrestris. Ranun- 
culus cymbalaria is also abundant on the shores of these lakes. 
It is not known to occur on this side of the artesian basin. 
Potamogeton natans is abundant, as is Chara fragilis and Ponte- 
deria cordata. The Polygonum amphibium is abundant in the 
region. The allied P. hartwrightwi is also abundant, but it is 
frequently found in drier situations. Scirpus lacustris and 
Phragmites communis both abound, as elsewhere in the state, 
in standing water. Glyceria fluitans and Phalaris arundinacea 
both in water, the latter, however, frequently in drier 
meadows. 


& 
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The meadows which border on these lakes are characterized 
by the abundance of Thalictrum purpurascens, Phlox pilosa, ms 
— Juncvs; tenuis, Caltha palustris, Cardamine rhomboidea, Lathyrus 
| palustris, Glyceria nervata, and Phalaris arundinacea. 
_ During midsummer Lilium canadense, Habenaria leucophea, 
Phlox pilosa, Poa pratensis and Panicum scribnerianum are 
abundant. Pedicularis lanceolata is common in the fall, as are 
~Gerarella purpurea and Solidago riddellii. 
Low Hills—Lathyrus, Zizia, and Pimpinella Group. epg 
from the marshes are low hills. These are drier, and are 
covered in spring with Lathyrus venosue, Zizia aurea, Pimpin- 
oe ella integerrima Poa pratensis, Baptisia leucophea, and Pedicularis | 
ocr canadensis. Later in the season Lilium philadelphicum, Solid- 
ago missourrensis are conspicuous representatives. In the 
autumn these are replaced by Solidago rigida, Aster levis, A. 
 aeureus and multiflorus. These spécies are typical prairie 
species, except for the Lathyrus venosus, which is not common 
ordinarily on our prairies. 
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INTRODUCTION. 


LOCATION AND AREA. 


Muscatine county has an area of 433 square miles. It forms 
a rectangle extending thirty miles from east to west and 
eighteen miles from north to south. In the southeast corner 
of the rectangle an area of about 107 square miles is cut out 
by the Mississippi river. [Excepting this corner the boundaries 
of the county are formed by the straight lines of the land 
surveys. The Mississippi crosses the east line of the county 
nine and one-half miles south of the north boundary line, and 
from there runs a westerly course for about thirteen miles, 
making two gentle bends to the north. From the city of 
Muscatine it takes a straight south course and crosses the 
south boundary fifteen and one-third miles from the south- 
- west corner of the county. The Cedar river crosses the west 
end of the rectangle diagonally, entering at a point two miles 
west of the middle of the north boundary line. From there 
it pursues a meandering course to the southwest, making its 
exit one and one-half miles east of the southwest corner. 
Coming from the south we find Muscatine county the fourth 
of the ten counties which border on the Mississippi. It has 
eighteen and one-half miles of river front, which is less than 
that of any of the other nine river counties. 


EARLIER INVESTIGATIONS. 


The first geologist who published observations on the terri- 
tory within the limits of this county was Dr. D. D. Owen. 
With a corps of observers which he organized in 1839 he 
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traversed the north tier of townships, in the autumn of the 
year mentioned, and brief notes on these lands are given in 
his Report of a Geological Exploration of a Part of Iowa, 
Wisconsin and Illinois, made to the commissioner of the gen- 
eral land office at Washington, and published in 1840 as a part 
of the senate documents. In 1849 Dr. Owen visited the 
city of Muscatine, and examined the rocks there and in the 
region of Pine creek. An account of his observations at this 
time is given in his Report of a Geological Survey of Wiscon- 
sin, Iowa and Minnesota, which is a report to the commis- 
sioner of the general land office at Washington, published by 
congress in 1852. On pages 80 and 81 of this document the 
author describes the Devonian rocks along the Mississippi 
river in this region, and on pages 99 and 100 he gives an 
account of the coal measures in the city of Muscatine. There 
is also a wood engraving showing some large spherical con- 
eretions then exposed in the old sandstone quarries in the 
river bluff. On plates III and VI he figures some fossils from 
these same localities. ! 

When Prof. James Hall was engaged as state geologist in 
Towa, in 1855, 1856 and 1857, he examined the rocks along the 
Mississippi river in this county and saw some beds near the 
city of Muscatine which he referred, with some of the lime- 
stones on Pine creek, to the Chemung group. In the Report 
on the Geological Survey of the State of Iowa, published in 
1858, he discusses the Devonian rocks in the county on pages 
87 and 89, and describes the coal measures on page 126. On 
pages 244-247 there is a brief report on this county in partic- 
ular, with two illustrations showing the spherical concretions 
in the sandstone in Muscatine bluff. In the second volume 
he describes and figures several fossils from the Cedar Valley 
limestone on Pine creek and at Fairport, referring some of 
these to the Chemung group. 

Dr. C. A. White, who was state geologist from 1866 to 1870, 
in his Report on the Geological Survey of the State of Iowa, 
refers to the occurrence of a peat bed near the mouth of Wap- 
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sinonoc creek, and on page 281, in the second volume, gives a 
figure showing the relations of this peat to the local drainage 
conditions. The first volume of the same report contains, on 
pages 139-164, a report, by Prof. Theodore S. Parvin, on 
meteorological observations, made at Muscatine during the 
years 1839-1847. 

In 1889 Dr. S. Calvin, director of the present Survey, pub- 
lished a paper in the American Geologist* on Some Geo- 
logical Problems in Muscatine County, Iowa. In this paper 
he shows that beds in Muscatine county, which had been 
referred by Hall to the Chemung, are of the same age as the 
beds which had been referred to the Hamilton. 

In the same year W. J. McGee, of the United States Geo- 
logical Survey, published his Pleistocene History of North- 
eastern Iowa in the Eleventh Annual Report of that Survey. 
He discusses in this various features of the drift exhibited in 
this county, giving several illustrations of exposures in the 
city of Muscatine, and presenting other local data bearing on 
the general problems of the drift. 

In the second volume of the reports of the present Survey 
Dr. C. R. Keyes has given a brief account of the coal measures 
in the county, and some statistics on its coal production. 

Mr. Frank Leverett, of the United States Geological Sur- 
vey, has, during the last eight years, made extensive observa- 


tions on the drift of Muscatine county. He was the first to | 


note the presence of Illinoian till near Muscatine, and to trace 
the terminal accumulations of the Illinoian ice sheet in the 
‘county. He has published accounts of the Mud creek buried 
valley, and other important observations on the drift. Some 
of his publications containing references to the county are: 
Notes Bearing Upon the Changes in the Pre-Glacial Drainage 
of Western Illinois and Eastern Iowa,t Pre-Glacial Valleys of 
the Mississippi and its Tributaries,} Pleistocene Features and 
CoeyeL aT 


+Proc. A. A. A.S., vol. XLI, p..176. 
*Journal of Geology, vol. III, pp. 740-763. 
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Deposits of the Chicago Area,* The Yarmouth Soil and 
Weathered Zone, The Sangamon Soil and Weathered Zonet 
and The Illinoian Glacial Lobe. + 

In volume VI, of the present Survey reports, Prof. W. H. 
Norton published a record of the rocks explored in drilling 
the artesian well at West Liberty. He also gives data on the 
well at Wilton. 

Prof. F. M. Witter, of Muscatine, is, I believe, the only 
resident student of geology who has published records of his 
observations. He has announced the occurrence of flint 
arrowheads in the loess in Muscatine,§ the occurrence of fos- 
sil remains of a deer in the upper part of the loess,|| and the 
occurrence of mineral ‘gas just south of the county line, near 
Letts.4/ He has made collections of the molluscan remains in 
the loess, and published a list of the same in a pamphlet, 
The Mollusea of Muscatine County and Vicinity, issued by 
the Muscatine Conchological Club in 1883, and has con- 
tributed An Outline of the Geological History of Muscatine 
County as an introductory chapter to a larger work on the 
history of the county, published several years ago. . 


PHYSIOGRAPHY. 


TOPOGRAPHY. 


The forms of topography exhibited within the limits of the 
county are quite varied, and may be classified as including 
several kinds, different in aspect and origin. We find the 
monotonous level of wide river bottoms presenting no reliefs, 
except those of a few lagoons, an occasional low sand bank, 
and, sometimes, a gentle slope from the bluff line to the river 
bank. We find upland plains dissected by a well-matured 
drainage system of creeks, runs and draws, with open valleys 
ramifying in all directions. There is, also, a belt where this 
" *Bul. No. 2, Geol. and Nat. Hist. Surv., Acad. Sci., Ohicago. 

+Pro. Iowa Acad. Sci., vol. V. 

+#Mon. U.S. Geol. Surv., No. XXXIV, in press. 

§Pro. Iowa Acad. Sci., 1890-1891, pp. 66-68. 


oc, cit., p. 48. 1887-1889. 
Jloc. cit., pp. 68-70. 1890-1891. 
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ancient drainage has been rejuvenated, and where it is 
mingled with a more recently developed topography of deep, 
and more narrow, channels. Then there is a belt of drift, 
which retains more of its original topography, exhibited in 
gentle paha-like ridges and in a faintly-marked terminal 
moraine, the features of which have been somewhat softened 
by erosion and more or less concealed by a blanket of loess, 
but where a few small, undrained ponds are yet found. Some 
areas of dune topography occur east of the Cedar, where the 
wind has wrought intricate patterns of ridges, knolls, small 
blow-outs, and basins. Finally, there are some terraces along 
the two rivers, and some of the larger creeks, recording 
earlier stages in the development of the present drainage. 
The highest point in the county is located about three miles 
southwest of Stockton, where the elevation is about 800 feet 
above the sea level. The main topographic features are two 
uplands and two lowlands, roughly forming four curving and 
concentric belts, extending from the northeast to the south- 
west, and having their concave sides to the southeast. The 
Mississippi bottoms and the West Liberty plain are the two 
lowlands, and the two uplands we may designate as the Ili- 
noian and the Kansan drift plains. (Figure 30.) 

The Mississippi 
Bottoms. — For a 
distance of about 
eighteen miles 
above the city of 
Muscatine, the 
Mississippi river 
occupies a rather 
narrow valley, 
which is rock bound on both sides 
and usually not more than two 
miles wide from bluff to bluff. 
Fig. 30. Photograph of a clay model Along that part of this valley 


representing the main topographic : 
features of Muscatine county. which follows the southeast bound- 
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ary of the county, the distance from the bank of the 
river to the base of the bluffs averages one-fourth of a mile, 
and at one place exceeds one-half mile. This is occupied by 
the bottom land, which forms a low slope away from the 
bluffs, at first somewhat rapid, and then more gradual nearer 
the river. In some places the lower part of the slope is low 
enough to be overflowed, but the rise toward the bluff soon 
brings the land above the high water level. At Wyoming 
Hill, below Fairport, and at East Hill, in Muscatine, the 
bluffs come out to the river bank leaving no bottom land, thus 
dividing it into two separate strips, one about seven miles in 
length and the other not quite six. At the bend of the river 
near Muscatine, the bottom lands reach out to a much greater 
width westward, mainly on the Iowa side, and are bounded 
by an abrupt, long, semi-circular line of bluffs on the north 
and west. This tract of land between the bluffs and the 
river is known as Muscatine Island. A shallow lagoon known 
as the Muscatine slough, separates it from a talus-like, low 
slope which intervenes between the slough and the bluff. In 
sections 23, 24 and 26, T. 76. N., R. III W., this slough widens 
out and forms Lake Keokuk. The elevation of the island is 
about 546 feet above the sea level, and it has been subject to 
overflow in times of very high water. Years ago it was pro- 
tected by a levee built along the west bank of the river. In 
section 34, T. 76 N., R. II W., this levee runs up to what 
appears to be a remnant of an old terrace, known as the Sand 
Mound, which rises about thirty-five feet above the level of 
the surrounding bottom land. South of this isolated mound 
there is another levee in Louisa county. _'That border of the 
bottom land which lies outside the Museatine slough, forms, 
as already stated, alow slope from the bluff to the slough. 
This slope occasionally rises as high as fifty feet above the 
bottom land on the other side of the slough. It consists of a 
series of confluent alluvial fans that spread out from the 
mouths of creeks and ravines coming down from the upland. 
The fans are proportionate in size to the streams. The old 
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Burlington wagon road, which runs under the bluffs all the 
way from Muscatine to the county line, presents the singular 
feature of having all its bridges at the highest points on the 
road, they being located about at the centers of these alluvial 
fans. 

The West Inberty Plain.—This is the more extensive of the 
two lowlands. It is a broad valley reaching diagonally from 
Moscow, Atalissa and West Liberty to the southwest corner 
of the county, where it unites with a similar plain along the 
Iowa river. The Cedar has cut a broad and shallow valley 
along the bluffs which bound it on the east. Its length in 
Muscatine county is about nineteen miles, and it averages 
seven miles in width, being more than eight miles wide at the 
north, and about six miles wide at the south where it unites 
with the lowlands of the Iowa river. Northward it may be 
said to have two narrow extensions; one to the northwest, 
consisting of the bottom lands along the Wapsinonoc, and 
another to the northeast, a rather ill-defined lowland drained 
by Mud creek. The west boundary of this plain is an even 
line of bluffs rising from eighty to one hundred feet above it, 
and running from section 14 in Wapsinonoc township, south- 
west to section 30 in Pike township. The bluffs which bound 
it on the north are somewhat lower, less abrupt, and have a 
more sinuous course. They extend in a general curve to the 
south, from south of West Liberty to section 6 in Moscow 
township. The east boundary consists of a sharp bluff-line, 
extending from south of Moscow, in a rather direct course, to 
section 33 in Cedar township. The Cedar river follows this 
at a varying distance, not exceeding two miles. 

The surface of this plain is not entirely without relief. 
There is aslight general slope to the south of about three 
feet to the mile. The elevation of its north end is about 663 
feet above tide, and of the south end, at the county line, 
about 615 feet. On its northeast corner there is an island- 
like highland, covering about two square miles, and occupying 
parts of sections 7, 8, 17 and 18 in Moscow township. This 
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rises seventy-five feet above the surface of the plain, and has 
a well-marked bluff line to the north and east, while on the 
southwest it merges more gradually into the plain around it. 

A smaller, lower, and less well-defined elevation is to be 
seen one mile south of Atalissa. Some low and irregular 
ridges are occasionally observed on its surface, especially 
along the water courses traversing it, as near the center of 
the north line of section 36 in Wapsinonoc township, west of 
Pike creek in Sec. 8, Tp. 77 N., R. III W., and near the 
center of the southeast quarter of section 21 in Lake town- 
ship, where there are elevations twenty feet high. There are, 
also, shallow pond-like depressions, where the surface goes 
down from five to ten feet below the general level. Some of 
these are seen in sections 12 and 13 in Goshen township. The 
main reliefs on the surface of this extensive plain are the bottom 
lands of the streams by which it is traversed. The Cedar, 
which enters the northeast corner from a narrow upland val- 
ley, on reaching the plain widens its valley to two and one- 
half miles, over the bottom of which it meanders from side to 
side. The bottom lands are from twenty-five to thirty feet 
below the level of the plain. The east side of the valley 
coincides with the bluffs bounding the plain for more than 

half its length, but in Lake and Cedar townships the two 
_ diverge as much as a mile, leaving strips of the plain extend- 
ing like terraces along the upland bluffs. The west boundary 
of the river valley is characterized by some semicircular 
curves which have their concavities facing the river. These 
curves have a radius of about two-thirds of a mile, and they 
cause the plain to extend in sharp points toward the river. 
They have evidently been made by encroachments of the 
bends of the river at different times. The entire bottom land 
is subject to overflow. The Wapsinonoc has cut an incon- 
spicuous valley in that part of the plain which lies west of 
the Cedar. It is seldom more than fifteen feet deep, and is 
usually very flat and open. 
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The Illinoian Drift Plain.—This comprises the entire east 
end of the county, from the bluffs of the Mississippi river to 
Cedar county and the West Liberty plain on the north and 
west. Its extreme length within the county is thirty-two 
miles, but to the south, as well as to the east, it is continued 
into the adjacent counties. The average elevation is about 
725 feet above the sea level. Its highest points are found 
along a line running southwest from Stockton, approaching 
the bluffs of the Mississippi north and west of the city of 
Muscatine, and then extending west and south. A sag extends 
across it from the Mad creek valley, north of Muscatine, 
northwest to Little Musketo creek. From its very flat crest 
there is a gentle slope of this upland to either margin. In 
the east part of the county the slope to the Mississippi is 
longer than that to the north, and in that part of this plain 
which is farthest south the slope to the Mississippi is much 
shorter than the one on the opposite side. 

The topographic expression of this plain is not the same over 
all of its extent within the limits of the county. In Mont- 
pelier and Sweetland townships, and in the south tiers of sec- 
tions in Wilton and Fulton townships, it is extensively dis- 
sected by ramifications of creeks and ravines, which seldom 
have left intact as much as a square mile of the level upland. 
For about two miles on either side of Fairport several of these 
ravines have a depth of from 125 to 150 feet below the general 
level nearest the bluffs of the Mississippi. But these streams 
become less deep as we follow them north. The upland here 
hardly has any pitch toward the river. In the east part of 
Montpelier township, and in the west part of Sweetland, the 
slope of the upland to the river is greater, and about equal to 
the gradient of the creeks whose valleys rarely have a depth 
of 100 feet. Owing to this slope of the upland their apparent 
depths is maintained for some distance away from the ee 
and may even increase. 

In the vicinity of Muscatine the land is likewise well dis- 
sected, and the drainage lines evidently antedate the drift; 
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but the topography has been somewhat modified by the latter, 
showing some elevations which are the results of construct- 
ive work, rather than destructive. Farther west, in Seventy- 
Six township, along the edge of the upland fronting the 
Mississippi, as in sections 1, 2, 10, 11, 15, 22 and 27, the 
ravines extend generally less than a mile into the plains, and 
all have a high gradient and comparatively narrow valleys. 
It seems that along the west of Muscatine Island the excava- 
tion by the great river in the soft material, of which this part 
of the upland consists, has been much more rapid than above 
Muscatine. The cutting into the bluffs by the river has 
progressed more rapidly than the recession of the ravines, 
which have, as it were, been overtaken. In section 15 there 
is very little left of the east slope of the upland, the line of 
the bluffs having advanced almost to its crest. That some of 


this work has been quite recently done is indicated by the | 


fact that the Muscatine slough, which marks an earlier course 
of the river, when it was undermining the bluff, has not yet 
had time to become filled. 
The northwest slope of the plain is quite different in aspect 
from that just described. The streams here have seldom cut 
their valleys more than sixty or seventy feet deep. In Wil- 
ton and Stockton townships this cutting mostly falls short of 
fifty feet. The streams occupy wide, shallow depressions in 
the upland, and these are separated from each other by low 
and flat, swells of land. Nearest the divide of the up- 
land these depressions are not so well marked, nor are they 
conspicuous ‘nearer the margin in the west part of Wilton 
township, or north of Musketo creek, in Moscow township. 
But south of this creek they make the dominant feature of 
the landscape, especially along the bluffs of the Cedar and 
for one or two miles inside of it. They are most pronounced 
nearest the Cedar bluffs, where they usually connect with a 
knolly marginal ridge which follows the bluffs and rises in 
places as high as twenty or thirty feet above the upland 
inside. In general their course is from west-northwest to 
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east-southeast. In the north half of section 13, in Cedar 
township, a narrow ridge of this kind forms the north slope 
of a creek for some distance, and separates from it a chain of 
small, undrained ponds. In Sees. 12, 21, 28, 32 and 33, Tp. 77 
N., R. III W., the ridges run into dune-like hills, some of 
which are seen to be now drifting before the wind. Similar 
conditions exist in Secs. 6, 7 and 12, Tp. 77.N., R. II W., where 
several small ponds are hemmed in among dune hills. In 
Moscow and Bloomington townships the area of the ridges 
encroaches farther on the upland than at any other place, 
reaching beyond its divide as far as within two miles of Mus- 
catine, following the shallow sag which unites the basin of. 
Mad creek with that of Musketo creek. Some isolated ridges 
are seen just above the bluffs around Muscatine Island, about 
four or five miles west from Muscatine. 7 

The Kansan Drift Plain.—Kansan drift, covered by a sheet 
of sand and loess, forms an upland to the northwest of Musca- 
tine county and extends into it, occupying the two north tiers 
of sections in Goshen township, the greater part of Wap- 
sinonoc township, and a tract of six or seven square miles in 
the northwest corner of Pike township; in all about forty- 
four square miles. The Wapsinonoc creek, coming in from 
the northwest, divides the plain in the county into an east 
part, sloping to the south, and a west part which slopes to the 
southeast. The average elevation of both of these tracts is 
about 700 feet above the sea level. The bluff line terminating 
this highland in Wapsinonoc and Pike townships is rather 
straight, abrupt, and of a uniform height. In Goshen town- 
ship the terminating bluff is more sinuous, for the most part 
less abrupt, and more variable in height. Apparently there 
has been less cutting in this direction by the waters which 
have filled the lowland than toward either the east or the 
west. Features are seen here and there which suggest a sub- 
merged slope. Some small hills lie out in the plain, 
that have been detached from the main upland by an ero- 
sion which must have long preceded the making of the low- 
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land plain to the south. One instance of this kind is in the 
southwest quarter of section 1, in Goshen township. Other 
instances of similar import are the isolated elevations, 
already noted, south of Atalissa and southwest of Moscow. 
With the exception of a limited area in the west part of Wap- 
sinonoe township, all of the Kansan drift plain in the county 
is dissected by streams with wide and open valleys. Along 
the Big Slough in Wapsinonoe, and also in the vicinity of 
West Liberty, there are some indications of terraces at eleva- 
tions varying from thirty to sixty feet above the lowland 
plain. 
Table of Elevations. 


Below is given a table of elevations of all the railroad 
stations in the county, and also of the high water and low 
water marks in the Mississippi river at Muscatine. The fig- 
ures are taken from Gannet’s Dictionary of Altitudes: : 
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DRAINAGE. 


The Kansan drift plain is, as just stated, everywhere well 
drained by streams which come down from the north and 
from the west through wide valleys out on the West Liberty 
plain. Big Slough, which runs east through the central part 
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of Wapsinonoc township, has a rather wide bottom land, mak- 
ing a slow descent. In some of the lateral slopes down the 
wide valleys the surface moisture slowly seeps through the 
somewhat porous surface materials, and the lower part of such 
_a Slope is more richly supplied with moisture than the part 
above, from which the seepage comes. Boggy conditions are 
occasionally produced in this way. The natural drainage of 
the West Liberty plain is very defective. Its level expanse 
occasionally has shallow depressions lacking outlets, where 
the water stands until it sinks into the ground or dries out. 
Along the west border of this plain there have been extensive 
peat bogs, which are now drained by ditches. The natural 
gradient is so slight and the water drains away so slowly 
that it has not yet produced natural drainage channels. 
Farther east, along the bottom lands of the Cedar, there is 
occasionally a. somewhat greater slope toward the river, but 
even this slope is too low for the formation of natural drain- 
age lines. The soil in this strip of land is coarser than to the 
west, and it has, to some extent, prevented erosion by allow- 
ing the water to descend into the ground. The drainage of 
the Cedar bottoms is still less efficient, and there are frequent 
lagoons and swamps. ‘These are most common near the bor- 
‘ders of the valley. Such are Pike creek in the east part of 
Pike township, and Pike run in Orono township. 

That marginal part of the Illinoian drift plain iio is 
covered by scattered dunes and paha-like swells has a drain- 
age quite different from that of any other land in the county. 
Nearly all of it belongs to the basin of the Cedar. As previ- 
ously stated, the Cedar bluffs on this side of the river, south 
of Musketo creek, have a crest, through the gaps in which 
the streams from the upland must pass before emerging on 
the bottoms. Just inside the crest there are frequently small, 
undrained ponds, or there is a drainage away from the crest 
into some lateral tributary of the creeks. . Farther away from 
the river, from points half a mile or less from the bluffs to 
the head of the streams, the drainage in each little basin is 
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quite efficient, owing to the general slope westward. The 
land nearest each stream is mostly comparatively low and flat, 


rising farther away into wide swells, which separate the basins 


of the different streams. In the north part of Fulton town- 
ship, some creeks occupy deeper and narrower flat bottoms, 
which, previous to the tilling of the land, were marshy and 
which are now meadows. ‘The central sections in Fulton and 
Wilton townships are more flat than any other part of the 
drift plains inthe county. This land is on the divide between 
the Mississippi and the Cedar river basins. The ravines are 
shallow and far between. The early settlers found these 
lands too wet for tillage. There are a few very low swells, 
and occasional very shallow, small, undrained basins, other- 
wise the surface is an even plain. Similar conditions are 
observed in the adjoining tracts in Moscow, Bloomington and 
Sweetland townships. Undrained ponds are, perhaps, some- 
what more frequent, and part of the surface slightly more 
uneven. To the south the flat top of the divide is not quite 
as wide, but it is marked by an interrupted line of very shal- 
low depressions of the surface all the way to the Louisa county 
line. The drainage of the slope to the Mississippi is almost 
perfect, the gradient of all the streams being steeper and the 
modifications of the preglacial valleys by the drift being less. 
The only exceptions consist of a few very small depressions 
almost on the brink of the bluffs immediately east, west and 
southwest of the city of Muscatine. How the bottoms of the 
Mississippi are drained, has already been made sufficiently 
evident in the discussion of their topography. 


STRATIGRAPHY. 
General Relations of Strata. 


The rocks which are naturally exposed in Muscatine county 
belong to the Paleozoic and Cenozoic groups. A conglomer- 
ate of unknown age may prove to be Mesozoic. The Paleo- 
zoic is represented principally by Devonian limestones and 
shales, which appear along the Mississippi river and some of 
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its smaller tributaries, east of the city of Muscatine, and also 
along the Cedar in the vicinity of Moscow. The Carbonifer- 
ous also belongs to this group, and is represented mainly by 
_ conglomerates, sandstones and shales in Muscatine, Bloom- 
ington, Sweetland and Montpelier townships. The Cenozoic 
consists of gravel, sand, silt, bowlders, clay, loess, and allu- 
vium, all usually known as drift. This covers the older rocks 
everywhere except along the water courses, where it has been 
carried away by erosion. Over the west end of the county 
the drift is so deep that the underlying bed-rock never comes 
into view. No outcrops of the older consolidated rocks are 
known anywhere west of a straight line running across the 
county through the town of Atalissa and the southeast corner 
of Lake township. This great thickness of the drift in the 
western part of the county is mainly due to deep erosion in the 
lower rocks before the deposition of the drift. The rock 
surface is from 200 to 300 feet lower in the western portion of 
the county thaninthe east. From this deep excavation, which 
is filled by the drift, the Carboniferous and much of the 
- Devonian has been wholly removed. Unconformities occur 
between the lower and the upper series of the Devonian, 
between the Upper Devonian and the Carboniferous, and 
between the Carboniferous and the drift. 
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The general classification of the geological formations in 
the county is indicated in the following table: 


GROUP. SYSTEM. SERIES. STAGE. 
Recent. Alluvial. 
Pleistocene omnes 
ternary . Ane 
Cenozoic. kid Glacial. Aftonian. 
| Pre-Kansan. 
| Ante-glacial. 
Pine creek conglomerate. 
Upper Carboniferous. | Des Moines. 
Carboniferous. : 
Lower Carboniferous. | Kinderhook (?) 
Paleozoic. Upper Devonian. Sweetland creek. 
Devonian. Middle Devonian Cedar valley. 
or Hamilton. Wapsipinicon. 
Silurian. Niagara. Gower (?)* 


*See significance of the term Gower in report on Scott county, this volume. 


UNDERLYING FORMATIONS. 


Two deep wells in the north part of the county, one in Wil- 
ton and the other in West Liberty, have furnished some infor- 
mation as to the terranes which underlie the outcropping 
rocks. Mr. M. G. Mills, formerly a resident of Lime City, 
north of Wilton, gave to the writer some years ago the drill- 
er’s log of the well at the latter place. This log reads as 
follows: . 


ROCKS PENETRATED IN THE WILTON WELL. 


‘(Elevation of the curb cf the well, 683 feet above sea level.) 
Drift, 220 feet, down to 460 feet above sea level. 
Limestone, 280 feet, down to 180 feet above sea level. 
Shale, 180 feet, down to sea level. 

Limestone, 300 feet, down to 300 feet below sea level. 
Sandstone, 120 feet, down to 420 feet below sea level. 


aN 


From the records of wells in the adjacent counties it is clear 
that number 1, in the above table, is the Saint Peter sand- 
stone, number 2 is the Galena-Trenton limestone, number 3 


THE DEVONIAN SYSTEM. 267 


an | 


is the Maquoketa shale and number 4 is the Niagara lime- 
stone. Number 1 is the water-bearing member, the aquifer, 
and helow this the drilling does not appear to have extended. 
From the well at West Liberty Prof. W. H. Norton reports a 
water-bearing sand at about the same level.* From below 
this several samples of drilling were examined by him from 
this well at different levels extending down to 1,765 feet below 
the surface. Some of these samples are referred to the Cana- 
dian series and some to the Potsdam, the boundary between 
the two being placed at 704 feet below the sea level. Combining 
the records of these two wells and adjusting them slightly to 
a common level, they indicate a downward succession of the 
unexposed rocks underlying the county, as given in the fol- 
lowing table: 
Succession of Rocks Below the Devonian. 


i 85 
bohgee 
i . m yw Oo 
_ FORMATION. ® Soe 
Yt = ee mo 
Me | Aeste 
23| 2383 
as] 28a 
ic A 
Niagara limestone..... Re aie oharaths naa seeevars Aas onauitecata, dictate tn Paat thats sua anehorees 280 | 100— 380 
NRO MO KLE S LG ye ce wlnics. teielalatsls sae es the edinl ate ster etatareleteie tia cas oteva/elet eialelote 180 | 380- 560 
Trenton and: Galena JIimMestOness. 2 wes Fe oisc.c oe iehsedeleie.e Vols are oreo! oa 300 | 560- 860 
Saint Peter7sandstones suuieg scab cc tie Daj b dhe eye she sestotats Nee WRU Biel ave wes 140 | 860-1050 
Canadian shales, dolomites, and sandstones.................0.005 800 | 1050-1320 
Potsdam sandstones, dolomites and marls..................-000- 885 | 13820-1705 


It should be remembered that there is a dip to the south of 
about twenty feet to the mile, and if estimates were to be 
made from the above table for any particular place, that many 
feet should be added for each mile the place is south of 
Wilton, or subtracted for each mile north. There is also a 
dip to the west. Owing to changes in the dip, local varia- 
tions in the strata, and possible errors in the known measure- 
ments, estimates of this kind are apt to prove more or less 
incorrect, but for places within the county they are not likely 
to fail by more than a hundred feet. | 

* Iowa Geol. Surv., vol. VI, p. 281, Artesian Wells of Iowa. 
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SILURIAN. 
NIAGARA LIMESTONE. 


The deep erosion of the bed rock in the north and west part 
of the county has, without a doubt, cut into the Niagara lime- 
stone. This erosion is seen in some wells to have reached to 
within 400 feet of the sea level and even deeper, while, 
in the same territory, only a mile or two away, the top of the 
Niagara limestone comes up 150 feet above this. The drift 
must rest on the eroded surface of this formation in the north 
part of Wilton, the south part of Moscow, and very likely a 
considerable distance farther to the southwest. What there 
may be under the drift still farther south is more problematic, 
but erosion is not as likely to have reached the Niagara there. 
The Niagara is not known to be exposed anywhere in the 
county. Drifthas taken the place of the strata which have been 
removed from aboveit. Likewise the Bertram and the Coggan — 
beds, described by Professor Norton,.and coming in above 
the Niagara in places farther north, have no known outerop, 
but must underlie the drift, if present. 


DEVONIAN. 
MIDDLE DEVONIAN. 


The Devonian rocks in Muscatine county belong to two 
main divisions, one corresponding to a part of the Upper 
Devonian series and the other, at least in part, being equiva- 
lent to the Middle Devonian in the eastern states. In 
counties lying to the northwest the Middle Devonian has been 
subdivided by Professor Norton into the Wapsipinicon stage 
below, consisting of the Otis, the Independence, and the 
Fayette breccia, and the Cedar Valley limestone above. Of 
the members of the Wapsipinicon stage the Fayette breccia 
is alone exposed in this county, and that in only a few places. 
There appears to be no well-defined line of demarkation 
between it and the Cedar Valley above. This may be due to 
a lack of good outcrops. For this reason the sections includ- 


THE DEVONIAN SYSTEM. 269 


ing the two will be treated together, but the dividing line will 
be indicated, whenever practicable. The Upper Devonian, 
which consists of the Sweetland creek beds, will be discussed 
separately. 


THE FAYETTE, BRECCIA AND THE CEDAR VALLEY LIMESTONE. | 


On the Cedar.—The lowermost rocks of the Devonian sec- 
_ tion exposed in the county are seen in the west bank of the 
Cedar river, from the north county line to within about a mile 
of the railroad bridge at Moscow. There are about twenty- 
five feet of sometimes brecciated and sometimes regularly- 
bedded grayish or white compact limestone, which emits a 
faint bituminous odor on being struck with the hammer. 
Where weathered, its upper ledges frequently split into small 
blocks from half an inch to two inches in thickness, About 
two or three feet below the upper surface of these beds they 
exhibit some layers with low, small mound-like elevations 
three or four inches in diameter and less than an inch high. 
Where blocks of this limestone have been subjected to the 
slow solvent action of the river water, a fine lamination is 
made evident, though no such structure can be detected in 
the fresh fracture. This rock contains no fossils. It is one 
of the purest limestones known, and this renders it somewhat 
more readily soluble by ground water than limestones which 
contain more of siliceous impurities or a greater percentage 
of magnesia. In other localities it is frequently cavernous. 
Indications of caverns at this place are seen in some small 
sink holes in the bottoms of some of the ravines in'the bluffs. 
Loose blocks of fossil-bearing ledges known to overlie these 
beds are seen in some of the gullies, indicating their presence 
in the bluffs. Just north of the county line these ledges are 
quarried. They contain various corals and brachiopods, the 
following having been noticed: Astraeospongia hamiltonensis 
(spicules rather coarse), /vstuliporella constricta (tubes rather 
crowded), Atrypa aspera, A. reticularis, Spirifer pennatus Owen, 

Capulus or Platyceras sp. 
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Another exposure of the unfossiliferous limestone breccia 
occurs in the timber about one-third of a mile north-north- 
west of the center of section 3, north of Moscow, where it has 
been quarried. The thickness now exposed is eight feet. 
This consists of the following: 


FEET. 
2. (1)* Coarse limestone breccia, emitting a faint bitumin- 
ous odor under the hammer. .....0.05..... 00.6 ¢00ees 4 
1. (2) Evenly-bedded white limestone in thin layers..... 4 


The same brecciated rock has also been observed in making 
excavations for the piers of a small bridge in the wagon road, 
near the center of section 8 in Moscow township, and loose 
blocks of it occur along the west bank of Wresley’s lake, in 
the same section. . 

At this place, in the east bluff of the small tract of isolated 
highland on sections 7 and 8, there are some quarries on Mr. 
Wresley’s land which, taken together, include a thickness of 
about forty feet of rock. These are on both sides of the 
wagon road, where it approaches the bluffs of the highland. 
Combining all the exposures, the section is as follows: 


FEET. 
3. (6) Hard, gray limestone, in rather irregular ledges, 
with many fossils, somewhat brecciated and mixed 
with the rock below, containing Atrypa reticularis, 
Athyris vittata, Spirifer asper, S. parryanus, Stromo- 
topora, Cystipyllum americanum, Strombodes, Acer- 
VULETUL  MOASOM ial. o os odie sw siesta cbs dipole eld otioy 5° 
2. (3, 4,5) Softer beds, mostly concealed, with frequent 
crinoid stems above, blue and fine-grained ledges — 
farther down (seen to the northwest in some old 
quarries), slightly crushed or brecciated in the 
lowest part (seen in the quarries east of the road), 
and containing Orthis iowensis, Atrypa reticularis, A. 
aspera (far down), Siropheodonta demissa, S. perlana, 
Spirifer pennatus, S. asper, Oyrtina wmbonata, Mon- 
ticulipora monticula, Retapora.............. Saath ae 29 
1. (2) Strong, gray limestone, in moderately heavy and - 
regular ledges, slightly broken or brecciated in a 
few places, containing many corals, such as Fanos- 
ites placenta, F. alpenensis, Acervularia davidsoni, 


*All numbers so set up refer to place in the general section. 
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Heliophyllum halli, Aulacophyllum, Cyathophyllum, 
and some brachiopods and mollusks, such as Atrypa 
reticularis, A. aspera, Spirifer pennatus, Re subund- 
iferus, Straparollus Pesta b tect dorlecesters Pi Pein tered iiss vote 8 
About one mile farther west and a little north the railroad 
company has worked a quarry quite extensively in the north 
_bluff of the same highland. The section now seen is as fol- 


lows: 
FEET. 
3. (4) Conioavatively iragile and somewhat thin-bedded, 
bluish-gray limestone, with mainly brachiopod fos- 


2. (3) Several moderately thick ledges of bluish-gray, frag- 
ile limestone, with Orthis iowensis, Stropheodonta 
demissa, Atrypa reticularis, A. aspera, Spirifer pen- 
LOUUS Seater ayenel ate Ravi Mteie tan ar eiaisn ate olejateciauureraeeas epee eal aie eto he 5 

1. (2) Strong, gray limestone, in heavy beds, frequently 
exhibiting closely set calcite crystals along the 
joints, and containing fossil corals.................. 4 


In the south bluff of the Kansan drift plain, one-half mile 
east of Atalissa, there is an old quarry, now mostly concealed 
under rubbish. A square yard of gray, weathered limestone 
is bare. Cyrtina umbonta and Atrypa reticularis were noticed, 
and also some fossils belonging to the upper member in Wres- 

_ley’s quarry. 

On the Mississippi, East of Pine Oreo —Examining the 
drainage area of the Mississippi we may begin at the east line 
of the county along Sulphur branch, which is the name of the 
ereek running south through sections 12, 13 and 24, in Mont- 
pelier township. Near the bluffs the section of the Cedar 
Valley along this creek is as follows: 


FEET. 
6. (10-11) Weathered ledges of limestone, with scattered 
casts of eyathophylloid COPBIG GAIN telmmacers uke ores 2-4 
De (9) Traces of a carbonaceous black seam of limestone 
MIEN StrOMAtOPALAetas aielde cig oslo isis e coe abide diaie aes t 
4, (9) Thick-bedded, bluish, dolomitic limestone, with casts 
OL SPIT ET PATNYONUS = 2a eae ne te ena kee ae Soo aS. 9 


3. (8) Soft, shaly material, with large specimens of Atrypa 
reticularis and other brachiopods...... SAGO AAE eG! 
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2, (8) Thin ledges of hard limestone, with a small, kidney- 

shaped or cake-like Stromatopora, Gomphoceras ajax 

Hall (?) and Orthoceras..........0.060..- sepeteeees 2 . 
1. (7) Ledges of a bluish, finely granular, dolomitic lime- 

stone, containing Cystodictya, a form near hamiltonen- 

SIS HIN. (SECM) Ae alee nis eran okatonoeea wrarelece ateneee Sea aie oats 4 


The base of this section is near low water mark in the river. 
The top is eroded and has coal-measure shales, filling hollows 
which extend down into number 4. The layers of this 
ledge form the bottom in the bed of the creek for some dis- 
tance, until they are concealed by the coal measures. About 
a mile from the river the limestone appears again for a short 
space, exhibiting the following succession in the bed of the 
creek: 


FEET. 

4, (11?) Red or brownish, moderately coarse, granular, 

hard and strong dolomitic limestone............,.. 2 
3. (11?) Bluish-gray, fine-grained dolomitic limestone, in 

layers, mostly about half a feot thick, and contain- 

ing casts of a Bellerophon and Atrypa reticularis:... 4 
2; *(22).Goneealed, probably i003 ssn asec Sie oe ee 
1. (11) Limestone, with large fragments of Stromatopora ye 


No more limestone occurs farther up in this creek. Num- 
ber 3 in the above section is probably identical with a rock 
observed in Mad creek, northwest of the center of section 24 
in Bloomington township. No rock similar to number 4 has 
been observed elsewhere. It is probably a local change in 
some of the known ledges. 

The creek near Montpelier, just east of the town, exhibits 
the following section: | 


FEET. 
7. (10-11) Yellowish or brownish, finely granular dol- 
omite, in heavy beds, some nearly two feet thick 
and frequently containing large fragments of 
Stromatoporaert init ete ween ee aN 7 
6. (9) A layer of thinly-bedded, calcareous and dark car- 
bonaceous material, with frequent casts of a Stro- 
matopora of maromillated structure, or traces of 
stromatoporoid texture in the rock... ...,........ 4 
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5. (9) Grayish, finely granular dolomite of even texture, 
in ledges from one to two feet in thickness, with 
casts of Spirifer parryanus, Atrypa reticularis and 
CORBIS ere Nema swiss crepe oss Mma rere Maleate wee 8 
4. (8) A blue, unctuous clay, changing horizontally into 
strong material like the ledges above, and contain- 
ing large specimens of Atrypa ee? and Orthis 
LOMMENSISS Waseda lare ee ip tins Rel e De ASAT AS BAe Oe $ 
3. (8) Thin-bedded, hard, calcareous rock, with some 
brachiopods, a few cephalopods, and a reniform or 
lenticular Stromatopora seldom Aes g six inches, 
INGIONSSh GIAMOLER ars sles wate welche s Nee eesh-oG ols a atte 4-5 
2. (7) Bluish-gray limestone, somewhat more calcareous 
above, and containing Atrypa reticularis in abun- 
dance, magnesian and more even grained below, 
containing a Oystodictya related to hamiltonensis 
Uhlir. The uppermost ledge is fine grained and 
‘bears the marks of ‘a coarse network of vertical 
plates consisting of the same material as the ledge 
ADO ViElier chara acre hrs ia ante, eSciats ene ctchalg Cae OU THN Te Soseiee wait i) : 
1. (6 or 7) Bluish clay with Athyris vittata, a thickness of 
only:a few: Inches seeniavic wc (.8 fsistoee the cats see hates 


The ledges forming the upper ten feet in this sectiofi have 
been quarried along the creek in the bluff. The uppermost 
ledges have been subjected to weathering. before the coal 
measures were deposited, and are yellow and even brownish 
in color from this weathering. 

_ Close up to the contact with the coal measures some silice- 
ous nodules were seen in the most thoroughly altered ledges, 
measuring from half an inch to four inches in diameter. This 
rock is very hard and tough. The ledges of number 5 have 
been quarried most extensively. They exhibit a uniform 
grain and break rather easily with a conchoidal, even fracture, 
with almost equal readiness in all directions. ‘The lowermost 
ledge is two feet in thickness. The bedding planes are even 


and well marked; but the ledges frequently exhibit an oblique 


fracture running in long curves at angles from 10° to 45° from 
the horizontal, so as to simulate bedding planes for distances 
of two or three feet. Farthest down the creek, where this 
number first comes into view, and close by the abandoned tile’ 
works, the ledges are seen to have weathered along the joints 
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and bedding planes into a loose, clayey material, so that only 
the centers in the blocks are sound. It is possible that the 
green clay, number 4, may be the result of disintegration of 
the base of the number above. It does not always appear in 
the same position in other places. <Atrypa reticularis, which 
it contains, is like the specimens found above in being of large 
size, but unlike them in having the calcareous matter of the 
valves preserved, the fossils above being casts. Number 3, 
also, exhibits changes due to weathering. Farthest down in 
the creek, close to the wagon bridge, it lies in thin, straight, 
flocr-like layers, but farther up, under the old storehouse of 
the tile factory, an excavation shows a hard and tough rock, 
with only faint and more distant traces of bedding joints. At 
this junction of numbers 2 and 3 there isa peculiar, crack-like 
structure, described farther on. The clay containing Athyris 
vittata, below number 2, is not now well exposed. It may 
possibly, also, be a product of disintegration from the overly- 
ing ledges. 

An eighth of a mile west of the town of Montpelier a small 
run shows the following succession of rock, all very much 


weathered: 
FEET. 
6. (11) Fine-grained, yellow limestone (opposite an old 
TAYMNOUSE) Gee Tse Sela hts e ciaeie eee ee 1 
§. (11) Disintegrated, rusty 1eieeieue: perforated with 
branching, poorly defined tubes, evidently pro- 
duced by the leaching out of some such coral as 
Peronel] ancien da conection em are SRS, 2 
4, (10) Decayea ledges of yellowish or brownish magne- | 
sian limestone with fragments of a large Stromato- 


POL AM oye ries e a Partiar ge ore alata eral Narre ate am ye tiie Sn ALD 6 
3. (9) A discontinuous seam of sade bie limestone... + 
Jy) -CONCHALEG.Ei Usk cr Ns hc SO etine Bei Sr at sa eee alee meee eN 2-3 


1. (9) Yellowish, weathered magnesian limestone of fine 
texture, like the weathered phases of she Montpe- 
lier section in number 5...2-2..-2.- 2222 eee cea’ 2 
A little more than half a mile west of Montpelier, Robinson 
creek exposes about twenty-four feet, vertically, of the same 
horizon. 


10. 


Nearly a mile west of this place, east of the residence of 
Mr. Lowry, there is a small creek in which a section occurs 
comprising some ledges above the uppermost of those found 


on Robinson’s creek. Itis seen in the bedof the stream and 
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ROBINSON CREEK SECTION. 


FEET. 


(10) Somewhat brecciated, much weathered limestone 
with casts of Cladopora dichotoma, about...:....... 
(10) Rather less disintegrated limestone, with occa- 
sional large fragments of Stromatopora showing 
concentric wavy rings., The fossil also occurs 
ehbiraand in gitult osicas, fa adae kt eae ea see Gated 
(9) Irregular, interrupted seams of a carbonaceous, 
black, Stromatopora- bearing limestone............ 
(9) Bluish magnesian limestone, in ledges about one 
foot in thickness, weathering yellow, containing 
moulds of a coral like Amplexus yandelli and also 
casts of Spirifer parryanus' and Atrypa reticularis 
of a latpe sizel ice A tense cee eas Ape 
Concealed)... 0... 042% eltsepaletaiaiplss «ve acteNeatepe elavehetors sieht: a iecapee 
(8) Hard rock charged with fossils such as Atrypa retic- 
ularis and Stropheodonta demissa, and frequently 


containing a reniform or cake-like, small Stromato- 


para and Athyris vittita....6. 66. cc eee eee e ence eee 
(7) A reticulated structure of vertical plates extending 
into a fine grained layer of limestone, about....... 
(7) A thin seam of clay with occasional fragments of 
brachiopods}. cease lee aes cea ce eesti tewncs Wiis i tabe ald 
(7) Thin-bedded, fine grained limestone with Gom- 
phoceras ajax Hall ? Atrypa reticularis, and occa- 
sional joints of crinoid stems....2.....66. 0... 
(7) Bluish gray, magnesian limestone, in ledges a little 
less than a foot in thickness, with a conchoidal 


oblique fracture; the upper ledges containing numer- 


ous fragments of brachiopods, mostly Orthis iowen- 
sis and Atrypa reticularis, and a wide form of Strophe- 
odonta demissa; Cystodictya of a form near hamilton- 
ensis Uhlr. and Cyrtina hamiltonensis var. recta were 
also seen, the former very frequently.............. 


in the right bank, and runs as below: 
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3. 


2. 


ae 2 


dams farther down the river. 
wane quarry, and near it, is as follows: 


Concealed 


Visa sche ter tena ela et ty ve a, At ta 
me Soca er © LOS 
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FEET. 


(11) Somewhat irregular ledges of a disintegrated lime- 


stone, with fragments ofa large Stromatopora (seen 
in the right bank of the creek farther south than 
the following) and some ledges farther down per- 
forated by empty casts of a coral resembling a Pero- 
mA eas atitieaie cig cecavel erates cenetons aston Cig Ne ever Hepat teateny 


(11) Weathered, slightly crushed or brecciated lime- 


stone ledges containing large fragments of Stroma- 
topora, and with a black, carbonaceous layer near 
DASG pA Riker i Seydtbiniies raise Beamer each e whats is achazre tanker eee ats 


(9) Bluish, dolomitic limestone in even ledges, six 


inches thick above, and two feet thick below, evi- 
dently equivalent fe the main quarry rock at Mont- 
POLLO wie ise ies, NEED crete settee Reta ote aa Teo Pe tose a stat 


South of the center of section 21, in Montpelier township, 
the rock immediately below number 1 in the above section 
has been quarried at several places in the river bank, and at 

ca present a quarry in the ereek on Mr. Charles Bar’ s land has 
; furnished a large amount of rock for the construction of wing- 
The section exposed in this 


: FEET. 
(11) Hard, brown, weathered limestone, apparently some- 


what brecciated, and containing fragments of Strom- 
atopora (exposed 200 paces west of the quarry)...... 


Concealedsizg Cima aieaace nie aatte el Aeros neta een 
(9) Weathered, apparently brecciated ledges of lime- 


stone, with a large Stromatopora, above a dark car- 
bonaceous layer near the base, containing casts of an 
Amplexus 


SHO eee mee nee meer ewes meses era reeeesvresrersee 


(9) Almost white, bluish, finely granular and evenly- 


bedded dolomitic limestone, in heavy ledges, the 
lowermost nearly four feet thick, rapidly turning 
darker blue and yellowish on exposure, oblique 
curving fracture in some places, casts of Spirifer 
parryanus, Orthis iowensis (large), Atrypa reticularis 
(large), Zaphrentis (casts of calyx)...............00- 


(8) Hard limestone in thin and rough, but straight lay- 


ers above, containing Stromatopora (small rounded 
forms), Gomphocerat (two species) Atrypa reticularis 
(abundant), and joints of crinoid stems 


cere eee mon sens 


COO mee em mee eK o ee see roses erescerevsreces 


(7) Blue or grayish dolomitic limestone, with Cystodictya 2 - 
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The last number is seen lowest down in the creek and also 
in the river bank several rods to the west, where it disappears 
under the water. 

On Pine Creek.—The west end of the wagon bridge across 
Pine creek, near the west line of Sec. 21, Tp. 77 N., R. I E., 
rests on a bank of rock rising about twenty feet above low 
water. It may be described as below: 


\ 


FEET. 
4. (10)Somewhat interrupted or broken ledges of lime- 


3. (9) Bluish-gray, dolomitic, fine-grained limestone, occa- 
sionally exhibiting a very oblique, almost horizontal 
jointing, weathering into shale along the seams sep- 
; arating the ledges, and showing fresh nuclei of rock 
in the center of the blocks, containing moulds of 
cyathophy oid coraley acca chem one cc Mee tak voawihe es 10 
2. (8) Solid and hard limestones, with many brachiopods, 
such as Atrypa reticularis, Athyris vittata, Stropheo- 
donta demissa, also crinoid stems and a Stroma- 
topora, of flattened spherical form...............:., 34 
1. (7) Bluish, dolomitic limestone, with vertical, cylindric, 
darker impregnations about one-fourth of an inch in 
diameter; ledges regular, about eight inches thick, 
Containing “Cystodicty ais) siAjcete pele seinen neg bles we 3 
A quarter of a mile farther up the creek a limestone cor- 
responding to number 3, in Wresley’s quarries southwest of 
Moscow, is exposed in the bed and left bank of the creek. It 
contaihs Acervularia davidsoni, Spirifer parryanus and Athy- 
ris vittata, the latter being abundant. Resting on this there 
is a gray rock of very uniform grain in regular ledges, with a 
smooth conchoidal fracture. This is an altered phase of num- 
ber 1 in the foregoing section. It contains a few specimens 
of the same Cystodictya seen in the latter, and is overlain by 
number 2 in the same section. The ledges appear to have 
undergone some peculiar change which gives them an unusual 
appearance. This change may have consisted of the infiltra- 
tion of siliceous matter, of which they contain about 6 per cent. 


Whatever is the nature of the change it has so thoroughly 


’ 


‘ 
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affected the rock that at the line where it ceases, near the 
south end of the exposure, it suggests an unconformity 
between the two numbers. At three different places farther 
up the creek the same phase’ appears again. The rock is evi- 
dently less affected by weathering than other limestone in 
the region. With its more uniform texture it ought to make 
a good building stone. 

Just below the dam at Pine Creek Mills there is exposed, 
in the left bank, a hard limestone, which is seen to be crushed 


and brecciated in the lower part and more regularly bedded 


above. It is full of the same fossils as occur in number 3, in 
Wresley’s quarries. Among the more common ones are 
Favosites emmonst (?) Cystiphyllum americanum, Atrypa reticu- 
laris (valves unequally convex), Spirifer parryanus and Athy- 
ris vittata. Mingled with these in the brecciated rock are 
also forms which are known from the beds below, such as 
Cladopora towensis, Monticulipora and joints of the stems of 


Megistocrinus. Large fragments of the rocks from these two 


horizons are seen side by side, thrown together into a coarse 
breccia, such as might form along a line of some small dislo- 
cation. Higher in the bank there appears a small remnant of 
the altered ledge described above. It contains the charac- 


_ teristic Cystodictya and a Stropheodonta, and a seam of green 


clay separates it from the rock below. Tien rods above the. 
dam the following beds are seen in the left bank, almost in a 
vertical wall: 


47D races.or blue shale te t'o2 sco meen en ea ane eoenaiebren cs 

3. (11) Eroded ledges of a very hard and rusty site lime- 
stone containing Stromatopora.............2.....5. 4 

2. (7, 8, 9) Highly disintegrated, dolomitic limestone, 
showing in its lower part some sound centers of 
blocks of dolomitic limestone of the original bluish 
color. Stromatopora and a Gomphoceras occur near 
the middle of the number 

1. (6) Sound, calcareous rock of the same kind as seen 
below the dam, extending below the head of the 


Pee pe eeersrerainne 


a 
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Two or three other small outcrops of the Cedar Valley 
stage appear in the creek above this point and below the 


junction of its east and west branches, but these are unim- 


portant. In each of the two branches the stream beds have 
just cut down to the plane of contact between this rock and 
the overlying Des Moines. This plane rises northward at 
about the same rate as the beds of the streams which run over 


coal measure rock and Devonian rock alternately. Near the 
center of the southeast quarter of section 8 in Montpelier 


township, a section in the west bank of the east peee of the 
creek is as follows: 


FEET. 
5. (7, 8) Thin and anon limestone, egal a brachiopods 


4. (7) Disintegrated, fine grained, dolomitic limestone: 
(notiwell exposed) irri eset 5 ice there gown ucobee ete 64 
3.\, (6) Soft, very much weathered and crumbling, yellow | 
rock, with Athyris vittata in profusion on the slope. 5 
(6) Somewhat brecciated, hard, gray, coral-bearing 
limestone, containing Alveolites goldfussi, Strombodes - 
Acervularia davidsoni, Athyris vittata, Atrypa reticu- 
laris, Stropheodonta demissa (‘ Small, but identical 
with one found at Alpena, Mich.’’ Calvin). From 
the base of the number, scattered, small, vertical 
plates, + inch thick, extend into the fine grained 
LEME HELO Wa is Sonerysitec th Sehr peices etsy wept eceltene Sat Witeer spe, ane 5 
1. (5) Compact, fine grained, light- -colored limestone, not 
very rich in fossils, with Monticulipora monticula, 
Orthis: iowensis, Spirifer parryanus (small size, six 
inches below the top of the BUD) and Spirifer. | 
MERIVOLUS (TUL LCT CO Wal) sreu' <7 trero..c lee ecaeaceeheisnale Scher stece te 3 


to 


The lowest number forms the bed of the creek for a short 
distance above. It is the uppermost part of number 2 in 
Wresley’s quarries southwest of Moscow. In a tributary of 
this branch, that comes in from the east through the north 
part of section 10, there is seen in the northwest quarter of 
this section a low bank of limestone with Stromatopora. It is 
overlain by coal measures. More extensive outcrops of the 
Cedar Valley are found in the next tributary running some- 
what diagonally across section 3. In the northeast quarter 


280 GEOLOGY OF MUSCATINE COUNTY. 


_ of the southeast quarter of section 4 in Montpelier township, 
there is an old quarry in the south bank of this tributary 
which shows the following succession: 


CARPENTER’S QUARRY SECTION. 


3 FEET. 
7. (9, 8) Shaly, yellow material, or clay, apparently resi- 
‘ due from decayed limestone. On the slope of this 


shale were observed Atrypa reticularis, Orthis iowen- 
sis (one thin variety, also the usual form), Strophe- 
donta demissa (of variable size), Platystoma, Spirifer_ 
subvaricosus (small, short-hinged), Cyrtina curviline- 


6. (8) Hard, solid ledges, a foot in thickness, in places 
almost filled with shells, mostly Atrypa reticularis. 
A large form of Athyris vittata, with sinus and fold 
more marked than usual, was also seen............ 3 
5. (7) A layer of fine grained limestone, cut by a network 
of vertical plates (Fig. 2) made up of material like 


that.in: the ledge above sic) iii olatierwegs 0's eoshathia’s $ 
4. (7) Shaly, dirty, calcareous material, same as number 
3 in the Robinson creek section............0....... 1 


3. (7) Fine grained, gray limestone, thin-bedded above, 
more thick-bedded and dolomitic below. Gompho- 
ceras and a reniform Stromatopora in the upper 
part, Cystodicty di below. main. occ eee t wee elolaelabyaye 2 

2. Concealed seve Wines ween tele Cea maha ete oN Naan eae 5? 

(5, 6) Gray limestone, in somewhat irregular ledges, 
containing many fossils, such as Monticulipora, Pty- 
chophyllum, stem joints of crinoids, Fistulipora, 
Acervularia davidson, Atrypa reticularis, Athyris 


Number 5 in the above section follows the creek for some 
distance up, but at last it disappears under the coal measures. 
In the opposite direction, along the middle branch of Pine 
creek, this ledge is quite conspicuous for a considerable dis- 
tance, and it has been quarried in several places in sections 6 
and 7, Tp. 77 N., R. I EH. In the west half of section 8, the 
underlying bluish, dolomitic ledges are weathered along the 
joints, exhibiting blocks with a solid interior surrounded by a 
two-inch crust of altered rock. The peculiar networks of 
plates (Fig. 31) is seen on some ledges in a gully southeast 


iar Pit Sele 
wR 


~ 
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- ‘ : { 
Fig. 31. Network of vertical plates extending into the top of the Oystodictya 
ledges. Seen from above. Reduced about 14. Specimen in Oarpenter’s 
quarry, on Pine creek. Photograph by W. H. Norton. 


from the center of the west line of section 8. Alon g the west 


branch of Pine creek, the same ledges (numbers | 3-6 in last 
section) form the south bank of the creek for half a mile in 
sections 17 and 18, where they have also been quarried. Near 


the line of the Fifth Principal Meridian, the stream runs over | 


coal measure shale, but the Cedar Valley comes up again in 


section 12 in Sweetland township. From this section north- 


ward, only drift is seen until we come to the old Hanson 
quarry in section 35, Tp. 78 N., R. I W., now occasionally 


worked north of the road by Mr. R. J. Vance. The main 


roek taken out here, on both sides of the stream, is number 3 
in Wresley’s quarries southwest of Moscow, and lies about 
ten feet lower down in the section than number 6 in the sec- 
tion at Carpenter’s quarry, which is the main quarry lime- 
stone along the lower course of this branch. The section at 
this place is as follows: 
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FEET. 
4. (6) Yellow, marly clay, a residue from disintegrated 
limestone, with numerous. specimens of Athyris 
vittata, Atrypa reticularis and Stropheodonta demissa : 
(all' sizes).....-+++ tay Ek MDP eares Baan a eSemRe a 1 
3. (6) Weathered, hard limestone, full of fossils, in beds 
about eight or ten inches in thickness, stylolitic sur- 
faces frequent near the junction with the number 
below, and containing Stromatopora, Favosites alpen- 
ensis, Cystiphyllum americanum, Acervularia davidsoni 
(frequent), Strombodes, Atrypa reticularis (abundant), 
Spirifer parryanus (frequent), Spirifer asper......... 8 
2. (6) Yellow limestone in thin, hard layers, somewhat 
weathered, with frequent joints of crinoid stems and 
Striatopora rugosa (near base), Spirifer parryanus, 
Spirifer subvaricosus, Spirifer asper, Aulacophylium, 
Chonetes scitulus (near base), rather continuous with 
the number 2below27y. is ots cctsiatts: tink ee Oar ee sae 3 
1. (4) Partial exposures of impure, weathered, slightly 
argillaceous limestone, containing Monticulipora 
monticula, Stropheodonta demissa, Spirifer pennatus, 
Cyrtina hamiltonensis .......... CN tolcda tela Misstep aU are 6 
Some of the fossils listed in number 1 run up into number 
2, and Spirifer asper in the latter occurs in number 1. At the 
dividing line, Megistocrinus latus is known to occur in other 
localities, and from there upward joints of crinoid stems are 
profuse at this place. The thickness of these crinoid-bearing 
layers is less than it is known to be farther east. One-fourth 
of a mile farther up the creek the south bank exposes.a ledge 
which belongs a little lower down in the general section. 
This ledge is almost a shell breccia of Atrypa aspera, and is to 
be correlated with the upper part of number 1 in the Wresley 
quarries. avosites emmonsi, Acervularia davidsoni and Ten-- 
taculites hoyti were found in the same ledges in a place close 
by. Occasional outcrops of the ledges of the old Hanson. 
quarry occur in the south bank of the creek above this place, 
as far up as to the center of section 25, Tp. 78 N., R. I W. 
On the Mississippi River, West of Pine Creek.—Returning to 
the Mississippi river we find small exposures of the Cedar 
Valley limestone in a few places close to the bank, between 
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the mouth of Pine creek and the town of Fairport. Near the 
center of Sec. 30, Tp. 77 N., R. I E., the basal part of number 
3 in Lowry’s run section appears near the mouth of Schmidt’s 
run. At Fairport some ledges which are not well seen in any 
of the previously described sections come out in the river 
bank and form the base of a shelf of land on which the town | 
is built. The section is best made out near the west eng) 
close to the kilns of the pottery works. 


SECTION AT FAIRPORT. 
: FEET. 
8. (11) Dolomitic limestone in ledges from 8 to 10 inches, 
rather hard, with casts of Stropheodonta demissa 
(very high and somewhat wider than the ordinary 
form), and of the calyx of a Zaphrentis.............. 33 
7. (10) Thin layers of a hard, fine grained limestone, emit- 
ting a bituminous odor when struck with the ham- . 
mer, containing, near the base, Cranena roemingeri, 
Orihothetes chemungensis, Stropheodonta demissa (coarse 
costae), Grammysia (?), Straparollus cyclostomus, 
Straparollus decewi, Platystoma, Pleurotomaria arata, 
Gomphoceras,, Nautilus buccinum (?), Dipterus calvini. 
A seam with frequent stylolitic surfaces separates 


this number from that below...... UES DO eS en cr ay 24 

6 (10) Compact limestone charged with ramifying growths © 
of a Peronella(Tdiostroma) sii ia .eie si. cece oes deus ae 14 
6. (20). A thin seam of carbonaceous material.............. aa 


4. (10) Limestone, frequently containing some large, lami- 
nated Stromatopora with small, dome-like elevations, 
or with a mammillated surface, also Amplexus (fre- 
quently semi-compound), and Cladopora dichotoma (?) 1 

~. 3. (9) Dark and hard dolomitic limestone, witha Cyatn: 


phyllum and occasional Stromatopora....: sls (inky ouaeee 13 
2. (9) A dark or black carbonaceous layer filled with a 
- Stromatopora, with concentric wave-like rings...... fe 


1. Soft, bluish, dolomitic limestone, in somewhat heavier 

ledges than the numbers above, containing casts of 

Orthis iowensis (large forms), Spirifer parryanus, 

' Atrypa reticularis, and Stropheodonta demissa........ 2 
Number 1 in this section extends down below low water in 
the river. It is number 5 in the Montpelier creek section. 
‘Numbers 3-8 are apparently represented by the uppermost 
25 G Rep 
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Stromatopora-bearing beds occurring in several places east of 
Pine creek. . 

West from Fairport to west of Wyoming Hill the Cedar val- 
ley is mostly hidden by the later rocks which run out almost 
to the bank of the river. Under Wyoming hill; at its west 
end, extending up a few feet above low water, is a limestone of 
a brown or yellow color, with casts of a few Cedar valley 
fossils. In Sweetland creek, near the center of section 27, 
eight feet or more of a hard, dolomitic, yellow limestone is 
seen in the left bank of the creek, under the Sweetland Creek 
shale. This consists of ledges from six inches to a foot in 
thickness. Close by it contains large, broken fragments of 
Stromatopora, and at various points Spirifer parryanus, 
Stropheodonta perplana, Gaphrentis (casts of calyx), and Strap- 
arollus cyclostomus. Inthe next creek two feet of the same 
ledges appear in the bank. In Campbel’s run, which comes 
down from the bluffs near the west line of See. 21, Tp. 77 N., 
R. I W., there is a section equivalent in part to the one at 


Fairport. It is as follows: 
FRET, 
6. (11) Dolomitic, rather hard limestone, in regular ledges 
above, with occasional fragments of Stromatopora, 

especially frequent below...........0c.0.e0 cence ai rete 

5. (10) Bituminous, black, somewhat calcareous material, 

containing a large per cent of gas, oil and carbon (in 

all amounting to 60 per cent of one sample), and with 

occasional specimens of Stropheodonta with very 

COAMSC: COSUES, Fs tie ce are stile dae cate oho euch Min Ee eet DAR i 

4. (10) Compact, brittle limestone of a gray or dark gray 

: - color, emitting a bituminous odor when struck with 

the hammer, in ledges from six to ten inches, con- 

taining an Amplexus, the upper six inches being 

highly fossiliferous, and containing among other 

forms a Monticulipora (with unusually fine tubes), 

Dielasma calvini, Cranena romingeri, Conocardium 

altum, Athyris vittata (with sinus and fold well 
marked), Leptodesma rodgerst ?.......2... 565. dain. 2 

3. (10) Limestone, like the above, containing Amplexus in 
greater frequency, and also Straparollus cyclostomus_ 1 

2. (9) Dark, carbonaceous layers, with imprints of a large 
SLrOMALOpOrA 7. ui hr te mesh oe a ae ans Noles 4 
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Not quite a mile west from here, in Geneva creek, there is 
a similar succession of ledges, which appears to extend a 
little higher up in the stratigraphic column. This runs as 


below: 
FEET. 
10. (11) Disintegrated or weathered limestone, with large, 
white fragments of Stromatopora and Atrypa reticu- 


VOPUSALAL EC) Goh ees alae siete pete ie ole sai sue etic coers ln ayareions 3 
9. (11) Band of dark, bituminous, calcareous material..... $ 
8. (11) Blue, dolomitic limestone, somewhat porous....... 3 
7. (11) Dark limestone, with occasional lumps of Stromato- 

POLAR en ce arte es nas Scns iets spiieinngea Pe Inge WEAR Neat 3 


6. (10) Gray limestone, emitting a bituminous odor when 
struck with the hammer, containing Crancena iowen- 


sis, Athyris vittata (a flat form) and other fossils..... 4 
5. (10) Seam of black, bituminous material, containing a 
Stropheodonta with very coarse costie.............. is 


4. (10) Dark, hard, somewhat dolomitic limestone, with 
occasional moulds of Amplexus, highly fossiliferous at 
top, with Conocardium altum and other lamelli- 


ADLAMIC TSS ees atesel seer tlologe eke siakelaiers, Set sili =, «(ales baste 1 
3. INOERSC ODN ranearaeane Me eeeiele wield chepe oe Gae ae act ene oral 24 
2. (9) Black, carbonaceous layer, with Stromatopora of 

Wav YsCONCeNEFIC StrUCtUre... 2s. oe 5. genset wg me alec ahd 


1. (9) Blue, soft, dolomitic, slightly porous limestone, with 
tubular impregnations of a deeper blue color, in 
ledges from six to eight inches in thicknegs, contain- 
ing casts of Spirifer parryanus, Atrypa reticularis (a 
large form), Orthis iowensis, Bellerophon and Pleuro- 
HOUMA LA ever c caimuntise terete etcea store eictleiabale cic e artes 3 


On Mad Creek.—The remaining localities where the Cedar 
Valley may be seen in the county are confined to Mad creek. 
Near the center of the west line of section 25, in Park Place 
Addition in north Muscatine, a few feet of an apparently 
brecciated limestone forms the bed of the creek. It contains 
occasional specimens of Straparolius cyclostomus, Stromato- 
pora and Amplexus, and has in places a bituminous odor, 
noticeable when the rock is crushed. There are also seams 
of carbonaceous, dark limestone in some of the ledges. A 
mile farther north, and northwest of the center of section 24, 
there is in the bed of the creek a finely granular, dolomitic 
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limestone, dipping at a low angle to the southwest. It con- 
sists of ledges some six inches in thickness, with faint traces 
of darker, cylindrical, fucoid markings, small nodules of 
pyrites and moulds of the valves of some brachiopods. Ten 
or fifteen rods farther up, the stream runs over some broken 
ledges like the highest number in the Geneva creek section. 

The General Section.—To correlate the different numbers in 
the described sections is usually not difficult. Owing to dif- 
ferences in weathering there may be considerable variation 
in the appearance of the same ledges at different places; but 
the fossils present in each, the general lithological character 
of the several ledges, and the presence of peculiar structural 
features at some horizons enable us readily to recognize the 
larger divisions. Sometimes we may even recognize each 
separate ledge or layer at the different exposures, and know 
its position in the general succession, often to within the lim- 
its of afoot, or evenaninch. For convenient reference a gen- 
eral section has been prepared, distinguishing eleven divisions 
into which the series may naturally be grouped, and indicat- 
ing the horizons of the different fossils. In the local sections 
above figures are inserted referring each number to its place 
in this general section. (Plate VI.) 

Some peculiar structures have been referred to and men- 
tioned in the descriptions, consisting of vertical plates extend- 
ing from the bases of some ledges into the rock below. 
These occur at three different horizons in the section, near or 
at the base of the Phillipsastrea (2) ledges, at the base of the 
Strombodes (6) ledges, and at the base of the Gomphoceras (8) 
ledges. These plates are usually about half an inch in thick- 
ness, coming to a blunt, somewhat thinned edge below. At 
the lowest horizon they are straight and do not extend very 
deep down the margin, making a gentle curve in the way of a 
segment of a circle, the vertical width decreasing, first slowly 
and then more rapidly, toward the two ends. Their length 
varies from two inches to a foot or more, and they intersect 
haphazard, no definite pattern being discernible in their 
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arrangement. In the second horizon, at the base of the 
Strombodes-Athyris ledges, the'vertical depth of the plates 
is often as much as four inches, exceptionally more, and they 
occur in intersecting radiating clusters, each plate usually 
terminating endwise in a vertical margin which may extend 
laterally farther out below than above. In some cases the 
edges of these plates exhibit small longitudinal flutings that 
suggest organic markings. At the highest horizon, under the 
base of the Gomphoceras ledges, there is a continuous net- 
work of plates, appearing less straight above and extending 
down six inches or more (Fig. 31). On some weathered slabs 
of these ledges the whole structure, superficially, has a slight 
resemblance to mud cracks. The plates at all three horizons 
consist of the same material as the rock in the ledges imme- 
diately above, from which they extend. In each case this is 
a limestone, full of fossils, almost a shell and coral breccia, 
and fragments of these fossils, exceptionally entire valves of 
brachiopods, make up a part of the substance of the plates. 
The rock into which the structures extend is at the two upper 
horizons of a compact limestone with few fossils, or none, in 
places having a texture reminding one of lithographic stone, 
and becoming somewhat dolomitic farther down. They seem 
- thus to mark horizons of a twice or thrice repeated sequence 
of events in a period of Devonian history. In each case they 
mark a sudden change from conditions of deposition of fine cal- 
careous sediments, in which we find sometimes a few brachio- 
pods, to conditions of accumulation of great numbers of 
fossils in a sparse, calcareous matrix. Then followed in each 
case a slow and more gradual return to the previous con- 
ditions, which apparently also favored the process of sub- 
marine dolomitization, since the fine-grained sediments are 
found to be more or less dolomitic, especially above. A fourth 
repetition of the same sedimentary cycle is indicated in the 
two upper members of the section, and doubtful indications 
of the plate structure have been noticed near the base of the 
Stromatopora breccia. But at this level there occurs another 
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change, which consists in the introduction of several lamelli- 
branchia for a short space, indicating a more shallow sea, and 
this is accompanied by the accumulation of some bituminous 
material, the presence of which has a similar import. This 
may be looked upon as an event in a greater cycle, and would 
naturally modify or obscure the incidents of the smaller one. 

Distribution.—The Fayette breccia, consisting of the four 
lower members of the general section, forms a crescentic belt 
of unknown width (south of the Otis and Independence, if 
these occur in the county), entering the county somewhere to 
the northwest, in Wapsinonoe or in Goshen townships, and 
extending east under parts of Moscow, Wilton, Fulton, and 
probably also under some of the northern sections in Pike, 
Lake, Bloomington and Sweetland townships, where pre- 
glacial erosion is deep. The drift over this region is thick, 
and the only exposures known are in Secs. 3, 5, 6 and 8, in Tp. 
78-N., R. IL W.; in Sees. 23, 27 and 34; Tp. 78 Ns; R. EW. 
Bowlders of it occur as the main ingredient in a drift gravel 
west of Stockton, indicating its presence close by that place. 

The Cedar Valley limestone forms a broad belt to the 
south of this. It most likely underlies the greater part of 
Wapsinonoc, Pike, Lake and Fruitland townships, and may 
possibly extend into Orono, Cedar and Seventy-Six. When 
not overlain by later formations it constitutes the bed rock in 
Bloomington, Muscatine, Sweetland and Montpelier town- 
ships, and the south part of Fulton. In the six first named 
townships not a single outcrop is known, owing to the deep 
drift there, andin the five last named townships it is for the 
most part covered by the Des Moines, coming into view only 
along the river and farther north in the valleys of Pine creek, 
Mud creek and Sulphur branch. A narrow strip of it most likely 
follows the north margin of the area covered by the Des 
Moines in these townships. 
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SWEETLAND CREEK BEDS. 


In Muscatine, Bloomington, Sweetland and Montpelier 
townships some argillaceous beds are frequently found over- 
lying the Cedar Valley limestone. These contain a fauna 
quite different from that of the latter, and are unconformable 
with this as well as with the coal measures above. Tor rea- 
sons which will presently appear it-is proposed to call them the 
Sweetland Creek beds. 

Typical Kxeposures.—Following the north bluff of the Mis- 
‘sissippi westward, the first occurrence of these beds is to be 
seen in the bank of a creek which comes down from the north, 
east of the town of Montpelier. About twenty rods north:of 
the bluffs the basal sandstone of the coal measures rests on 
some olive-gray shale, with green bands, rising about three 
feet from the bed of the stream in the right bank. This shale 
is altogether unlike the dark shale of the coal measures in 
appearance. The layers are more even and uniform. An 
unconformity between the two is also evident, and the lower 
formation soon disappears. In the river bluff the same creek 
-is undermining a eliff of coal measure rock, which rests on the 
Cedar Valley limestone for the greater part of its length, but 
at the south end the base of the coal measures rises somewhat 
abruptly, first on an eroded slope of the limestone, and then 
over some decayed yellow clayey beds which intervene and 
run up ten or twelve feet above the limestone. The present 
condition of the bank does not afford an opportunity to study 
closely the nature of the clay beds, but in all probability they 
belong to the same strata as the shale above. 

To the west of the town, a short distance up Robinson 
ereek, and northwest of Mr. G. W. Robinson’s residence, some 
green clay is seen in the south bank of the creek, apparently 
resting on the eroded surface of the Cedar Valley limestone. 
At the base of this clay there is a thin layer of more stony 
material, and this contains specimens of Ptyctodus calceolus 
and small teeth of other fishes. This is the basal layer of the 
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Sweetland Creek beds. About one-half mile further up the 
same creek, near the north line of section 23, Montpelier 
township, below a small fall in the creek, the following section 


is seen: 
WEBET. 

13. Coal measures. 

12. Dark bituminous shale with two or three bands cf 
‘green shale; the dark next the green exhibiting 
a complex network of thread-like green extensions 
from + to 2mm. in thickness, lying approximately 
parallel with the petite: Occasional lingulas 
LOUNGE Wiese ahs ge dae eee Lt ete aerate Amt OTe ores 1 

11. Dark bituminous shale with small spheroidal crystal- 
line nodules of pyrites, occasional lingulas and 


SPOLMOCATISCMOTSONT acs soe ba eeatsare)oic)e (ois ouie: meen 2 
10. Concealed (next number a few rods farther down).... 2? | 
9. Light greenish shale...... ESOS Wee MSR a es 1 
8... Dark-olive-oray. SHAG... skciceaed ole yy < ule ene ewe % 
Te) Green Shale sk’ jirsjes. 20 ceeds Mey abate forties sts Ruder blate Rise nae 
6. Greenish calcareous shale, almost stony, containing 
. cylindrical or flattened fucoid markings slightly 
more greenish than the matrix.......0......0..4% 4 
5.) Dark’ gray shale). i. 2200235... Uist la corte Seodng tee ameoatate 1 
4. Grayish-green pyritiferous rock with minute trag- 
ments of unrecognizable fossils........0.0. 22... 00 n 
320 Dark oray shales wae shart ta ccledte phate cere aa ete een t 


2. Greenish-gray, somewhat stony shale, exbibiting con- 
cretionary conchoidal fractures when weathered.. 4 

1. Greenish-gray argillaceous and pyritiferous fine- 
grained dolomitic rock in layers a few inches in 
thickness, with fucoid impregnations or markings | 
like those in number 6, + inch in diameter......... 3 

At the south end of this outerop there is a small displace- 
ment in the ledges, which, dipping at a considerable angle 
south of it, soon disappear under the coal measures. The dis- 
placement is no doubt local and probably due to the falling in 
of some cavern in the underlying limestone. 

Westward for the next three miles these beds do not appear, 
although the contact between the coal measures and the 
Cedar Valley limestone frequently comes into view. In the 
Pine creek basin they must have been removed by erosion 
previous to the deposition of the coal measures. Their next 


SWEETLAND CREEK BEDS. | 2OL 


appearance is in Schmidt’s run, about a mile east from the 
railroad station at Fairport. North of the wagon road, under 
the bluffs, they may be seen in the left bank of the run. 
There are several outcrops farther up, and the following sec- 
tion was made out, unconformably overlain by the coal 


measures: 
iy FEET. 
4. Dark, almost black shale, with green seams from 1 to 
4 inches thick, near which the darker shale exhibits 
a network of filamentous extensions of green clay... 7 


3. Greenish, light-colored shale.............. SRILA Wa Oe 34 
2. Greenish, stony and hard shale............5---..0.04.. 4 
I" Greenish; sonay, soft shales ..(¢ 8.5 Oe eal oe bois eaaly 


Just west of the railroad station at Fairport, where a wagon 
road follows a ravine up the bluff, this ravine exposes the 


following section: \ 
FEET. 
7. Coal measures, posting, unconformably on the numbers 
below. 
6. Weathered shale, of alternat2 light and dark layers.... 5 
Dark gray shale....... Cr aes ANF ORNS PAN ie SMS A 5 
4. Grayish-green shale, with two bands of darker shale in 
part perforated by coarse, curving filaments or cyl- 


On 


inders of oreen shales seuss vate auiae ee sles coals 3 
Gir MCONCOALOU ra cmcr meas cars ue athens ace cer attte man awe aids Mg 2? 
.2. Dark gray shale, with curving, cord-like oylinders of 

green shale, about 4 inch in diameter............... 3 
1. Greenish, argillaceous dolomite, in layers about 6 inches 

Wave S OWNC) [cB Ek] SERIA aM ir Rag ny CRU oe te BRS Rik ner AR et eh i 1 


Ina small ravine which comes down from the west side of 
Wyoming hill there is seen, under and north of the wagon 
bridge, about eight feet of oray and green shale, with some 
stony layers. The Cedar Valley limestone comes out in the 
river bank just. below and the coal measures overlie the 
exposure, rising about 100 feet above it. 

Along Sweetland creek the relation of these beds to the 
formations above and below them is better exhibited than at 
any other place in the county. About one-third of a mile 
north from the river bank they come out into view on both 
sides of the creek, and they are also seen in a small tributary 
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which runs into the creek from the east. Combining all the 
exposures at this point the following succession of separate 


layers is evident: 
; FEET. 
il. Dark gray bituminous shale, with one or two thin, 
green bands about 4 feet below the highest exposure. 
Occasionally small, fiat concretions of pyrites are 
seen. Next the green layer the shale is dark, filled 
with a maze of fine green filamentous lines. Drift 
OVELILES A hace pap ae eee Cec ora Nae ta MER ORNS tee Cte 8 
10. Dark shale, containing lingulas, Spathiocaris emersoni, 
Rhynchodus, and a fossil resembling Solenocaris stri- 
gata. This number is continuous with No. ll....... 14 
9. Greenish clay, with flat concretions of iron pyrites, fre- 
quently having white, stony lamellar extensions 


FLOM CHEAMMAN OAD widiciemisere nih crashes ale acne a ee eeese eons 3 
SaweDar ke Sale yee tarnseh ened heetne eaeishich ail aetuilege cbt ttontes ace IoN g 
7, Greenish, stony shale, with a conchoidal concretionary 

PTC UU testa ee ele te ce oar one Cie aia hear Aden aes ts Reece er os $ 


6. Hard, light grayish-green shale, with white, flattened, 
cylindrical fucoid concretions of a concentric struc- 
ture'inshorizontal" positions 22). ks ke cethele tes oss 4-4 ‘Sd 
Greenish, argillaceous or arenaceous, fine grained dolo- 
mite, in ledges from 4 to 10 inches in thickness, with 
occasional lingulas and a fragment of a cast of a gas- 
teropod near the base, frequently exhibiting small, 
cylindrical, concretionary impregnations of a deeper 
green, and occasionally impressions of plant-like 
fibrous structure covered with a thin layer of bitum- 
Inops material. :cO Ll OF o taae ae etna wae fetes mpke oeeha sins 3 
4°) Greenish: shale ss 02.5% <casisctaely sun haha hier Aen ama a 13 
3, A stony seam filled with finely granular pyrites, and 
occasionally showing larger lumps of the same min- 
eral, in one instance associated with plant like 
fibrous impressions, frequently containing rounded, { 


or 


worn fragments of fish teeth................. ves yet 
Green, inard shales. crs. ee ee cee eu eee $ 

1. Greenish stony layer, with frequent, mostly rounded 
fragments of teeth of Ptyctodus calceolus............ $ 


Under the lowermost layer containing fish teeth, the 
uneven surface of the upper ledges of the Cedar Valley lime- 
stone is seen, and at least eight feet of this rock is exposed. 
In some of the shallow depressions in its upper surface a 
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seam of black bituminous material is found. At one point 
this forms a layer two inches in thickness. Near the south end 
of the exposure farthest down the creek, the upper beds come 
down over the uppermost ledge of the limestone, which runs 
out as if worn away. ‘The surface of the limestone has been. 
partly uncovered. It is brown in color, uneven from erosion 
and frequently studded with nodules of iron pyrites or cov- 
ered by a continuous incrustation of the same mineral. In the 
west bank of the creek the basal sandstone of the coal meas- 
ures overlies the eroded edges of numbers 6, 7 and 8 in the 
above section, which rise under it in a hillock (Fig. 1, plate V). 
In the gully to the east the section is continued higher up and 
the coal measures do not appear. Some distance farther up 
Sweetland creek they are again seen unconformably over- 
lying the dark gray shale in the east bank, with erosion con- 
tours extending down three feet into the lower formation. At 
this place the basal conglomerate contains rounded lumps of 
the dark shale, three or four inches in diameter. Still farther 
up the creek the darker shale, corresponding to number 11 in 
the above section, appears at several places in the bed of the ~ 
stream, rising in one instance about five feet in the bank. 
The last seen is about 100 paces south from the wagon bridge 
near the north line of section 27. In each of these places the © 
characteristic green layers with their accompanying network 
‘of green threads in the confining dark shale may be seen. 

_ About three-fourths of a mile west of Sweetland creek, 
near the east line of section 28, in Sweetland township, a 
smaller stream exposes the following section: 


FEET 
5. Coal measures. 
4, Alternate layers of dark and greenish shale........... 4 
3.. Fine grained, light yellowish-gray, impure dolomite 
ATMe BTEC OOS ey Ne chs rte ay tarmachonean story tansy ots aateta lake chet 24 


2. Greenish shaly rock with a thin, harder layer below.. 2+ 
1. Upper ledges of the Cedar Valley limestone, ferrugin- 
Cus. and worn superticially.: v Koss. secession «-<'s 1-2 
In Campbel run, which comes down to the river through the 
northwest corner of section 21, in the same township, a simi- 
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lar succession of layers is seen at the point where the stream 
passes the line of the river bluffs (Fig. 2, plate V). The fol- 
lowing section appears very clearly: 


FEET 
11. Base of the coal measures. 
10. Dark gray shale with lingulas near the base........ 3 
Oe reo sh shale cnn eG caus tw sees. Uatcre an Tan 34 
8, A layer of harder, almost stony, shale.............. + 
7. Greenish-gray shale weathering with a conchoidal 
fracture into small spheroidal nodules and chips.. 1+ 
6. Grayish, fine grained, impure dolomite............ ‘1s 
Hel * GRESHISh SHAlO iio. si aakealeveue lee 1. telogeuouthevyer ol suatey Ors NL adil. Ia. 


4, A thin and stony, inplaces highly pyritiferous, seam . 
associated with small selenite crystals when 
decayed, in places almost filled with rounded frag- 


ments of the tritors of Ptyctodus calceolus......... fo-t 
Sia GReonrs a 4G al © y Sa teichiaivayeoteleate saan sists toate setae oleh eg $-1 
2. Greenish fine grained rock with fish teeth.......... 14 


1. Upper ledges of the Cedar Valley limestone with a 
slightly eroded surface, frequently covered with 
‘ pyrites. 

Number 10 in the above is seen in two or three places 
farther up in the creek, but it soon disp Dears under the base 
of the coal measures. 

Along Geneva creek, in the northwest quarter of section 29, 
in the same township, the basal layers of the preceding sec- 
tions are seen in the bed of the stream opposite the Geneva 
schoolhouse, and below the wagon bridge. The main stony 
ledge forms the bed of the creek for a distance of ten or 
twenty rods a quarter of a mile farther up. About halfa 
mile north of the schoolhouse the shale above this ledge rises 
some six feet in the west bank, and is overlain by the basal 
conglomerate of the coal measures, from which a small spring 
issues. Combining these exposures the succession of the 
layers may be given as in the following section: ; 


FEET. 
13. Basal conglomerate and sandstone of the coal meas- 
ures. 
12. Dark gray and ferruginous, evidently somewhat disin- 
tegrated ark shale Poasaho ate seer aan ai 4% 


Il) ight gréeenish-eray shalesii cress remus ue aca lee es 4 
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FEET 
_ 10. Dark lavender colored shale.............e0esee0ee00s ab 
Orr) Green sha lyirocket cctv sew we wacaraty nati ate tails ark 4 
Sie VEONCea led rare sais ee aioe ta alerts sia et a acdsee cl se eateale re ? 
7. Green rock in even thin layers with regular vertical . 
rather equidistant joints... 0.00.0 vie eee eee ee cbeee 14 
Orie CONCCRLOOS ries on alee: -wole Sleek at laresee trent ate antics olfte ? 
5. Greenish shale (opposite the schoolhouse)............ 1 
4, Pyritiferous green stony layer with cylindrical 
straightish fucoid impregnations.................. # 
AGT SSNS We 2s ere iM ale all beats eee cate pie lean cunterd Pik phokace faths 1 


2. A conglomerate of fish teeth, containing Ptyctodus 
calceolus and Synthetodus frequently in a worn con- 
dition and imbedded in a greenish argillaceous 
fine prained |dOlomiiye civ. 23%. cn weit as ois weed wots a ao 

1. Beds of the Cedar Valley limestone containing large 
fragments of Stromatopora, with the upper surface 
unevenly eroded. 


From this point westward no more is seen of the beds under 
consideration until we come to East Hill, in Muscatine. 
Under the south bluff of this hill the railroad bed has been 
excavated in the upper dark shale seen in the foregoing sec- 
tions. These shales rise here about thirty feet above the bed 
of the road, and they have been so disposed to slip, that 
piles and a stone wall have for many years been needed to 
keep the embankment from coming down on the track. These 
were removed late last fall and the face of the embankment 
was cut away several feet. This work left the shale well 
exposed. The section above and below the railroad bed is as 


follows: 


FEET. 
2. Dark or gray bituminous shale, with three parallel 
bands of green shale a few inches in thickness and 
about three or four feet apart, weathering into fine 
chips of a yellowish light-gray color, containing 
small flat concretions of pyrites, joints in some of 
the freshly exposed shale filled with numerous small 
crystals of selenite disposed in branching patterns, 
the basal part containing a lingula and exhibiting 
the peculiar network of green thread-like extensions 
observed in previous sections near the transitions to 
PUGH SATBIS eee Silas os hoa so a re eee PU ety teed 36 
US GROOT SIEGLO ee elai ec lacs tae eke Shei dreld)avelsie: Pele ayoddIonta oles steels ore 2 
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The top of number 2 is unconformably overlain by the coal 
measures, and has evidently been weathered previous to their 
deposition. Below number 1 the section is concealed in the 
river bank. The base of this layer is about ten feet above 
low water. There is little doubt that it is the equivalent of 
number 9 in the Sweetland creek section, and the lower layers 
of these beds may possibly all have been exposed above water at 
this point before the railroad embankment was made. As 
these lower layers aggregate about seven feet in thickness at 
other places, it will be noticed that the extreme thickness of 
the whole formation at this place is about forty-five feet. 
This is the greatest thickness that has been seen anywhere in 
the county. 

Just above the wagon bridge which crosses Mad creek near 
the center of the northwest quarter of section 24 in Bloom- 
ington township, some ledges equivalent to numbers-6, 7, 8 and 
9, in the Sweetland creek section, appear in the bank of a 
tributary from the east. Again in- the creek running east 
through the north half of the northwest quarter of section 26 
in the same township some thin ledges of rock and some green 
shale corresponding to numbers 38, 4 and 5 in Sweetland 
creek come into view from under some coal measure beds. 

Geographical Distribution.—So far as ;known, the above 
places include all the exposures of the Sweetland creek beds 
in the county. There is good reason to assume that they 
underlie the coal measures in most of Muscatine, Blooming- 
ton and Sweetland townships, and that scattered outliers 
occupy the same position in the east half of Montpelier town- 
ship. In all probability their outcrop in the river bluff is 
continuous from Wyoming Hill to Muscatine, though mostly 
concealed by the talus under the bluffs. 

General Section.—The separate layers and ledges of the for- 
mation have a remarkably uniform development, varying but 
slightly in different places. The basal layer, though only 
about three inches in thickness, can always be recognized in 
its place, and invariably contains the characteristic fish teeth. 


a 32, Thread-like extentions of green shale, in the dark layers of numpor 4, 
in the general section of the aaetland Oreek Beds. : ait 


From six inches to a foot above this layer. there is a ne 
erous stony seam from one-half to two inches in thickness, Xe 
and this is readily identified in all the creeks in Sweetland . 
township, where the lower part of the section appears. The 3 : 
_ peculiar maze of green threads which extend into the dark . , 
shale, where this comes into contact with green layers, have | 
been observed i in almost every case where they are due in the 
section, all. the way from Muscatine to. Montpelier. Tt is, ig 
therefore, no very difficult task to combine the local outcrops | 
into a general section. _ ; 


Frc. 33. General section of the Sweetland Creek Beds, 
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GENERAL SECTION OF THE SWEETLAND CREEK BEDS. 


FEET. 


Date bituminous shale, occasionally containing small 
flat concretions of iron pyrites, with three thin 
bands of greenish shales respectively about 5, 9 
and: 12 feet :from the base. . s:.(0 4. iia. oie ais leorsion 

Dark shale, with thin seams of blue shale, the sae 
containing two species of lingula. Swathiocaris 
emersont, Rhynchodus, and a fossil resembling 
Solenoearis striggt..<.6 0.34 Cos cspep wae deennecdeee 

Greenish shale,-with occasional stony layers, contain- 
ing flat concretions of pyrites frequently bor- 
dered, by lamellar marginal extensions of a mate 
Molomitye mMaterkal Lats tse teicsl Neickoes Na ae wets 

Alternating layers of greenish stone and dark shale, 
the latter in part containing a network of thread- 
like extensions (Fig. 32), of the former. The green 
shale has elongated flattened concretions resem- 
bling fucoidgrowths and lying parallel with the 
bedding. Thestony layers are frequently charged 
with small grains of pyrites and contain minute 
fragmentsOl LOSsiss <<. ise emia a ss ects Salers ete ewig oes 

Greenish fine grained argillaceous aiaemie lime 
stone impregnated with iron pyrites and calcium 
phosphate, in ledges from 4 to 10 inches in thick- 
ness, with cylindrical fucoid impregnations 
slightly more greenish than the matrix and from 
3 to 6 millimeters in diameter, containing two 
species of lingula, a fragmentary cast of a helicoid 
gasteropod, and imprints of some fibrous structure 
like that of some plant stem.........0......0ee eee 

Hard greenish-gray shale, with a stony pyritiferous 
layer that contains fish teeth and impressions of 
vegetable tissue about 10 inches from base........ 

Argillaceous dolomitic stony layer containing Plycto- 
dus calceolus and other forms resembling Syntheto- 


ee ee eC ee rey 
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IOWA GEOLOGICAL SURVEY. 


PLATE V. 


Fic. 1. Sweetland creek beds with coal measure sandstone uncomformably above, and 
Cedar valley limestone below. 5, coal measure sandstone; 4, variable beds of the 
Sweetland creek shale, No. 4 of the general section; 3, stony ledge, No. 3 of general 
section; 2, greenish-gray shale, No. 2 of general section; 2’, pyriteferous seam in No. 2; 
1, basal layer, No. 1 of general section, containing fish teeth, and resting on oxidized 


surface of Oedar valley limestone. Exposure on Sweetland creek, center Sec. 27, Twp. 
377 N., R,1, W. 


Fia. 2. Sweetland creek beds, unconformable on Cedar valley limestone, Campbell’s run, 
SW. Sec. 21, Twp. 77N., R.1., W. 5, variable beds of the Sweetland creek shale, No. 
4of the general section; 4, stony ledge in Sweetland creek beds; 3, greenish-gray 
shale, No. 2 of general section; 3’, pyriteferous seam; 2, basal layer with fish teeth; 
1, eroded surface of Cedar valley limestone. 


ae 
Sale ne te ecive, <del se 


Vee 
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Lithological Peculiarities.--The greenish ledges turn gray- 
ish-yellow on weathering. The main stony ledge, number 3, 
often protrudes as a shelf over the clay below it, which is 
more easily removed by erosion. In two instances an efflo- 


rescence of epsomite was noticed forming on the face of the 


clay thus protected from rain by the overhanging rock. The 
material found in the shells of the lingulas of this ledge was 
unaltered, but in one instance slightly dissolved away. The 
tubular impregnations in the stony layers of the formation 
appear to be marked off from the mass of the rock so as to 


sometimes weather out like casts of fucoid stems. In other 


instances they appear like slightly more colored parts of the 
‘rock. The thread-like extensions of green clay, which form 
a network in the dark shale at some horizons where it comes 
in contact with the hghter shale, vary in coarseness at differ- 
ent places... There is nothing to indicate a structural bound- 
ary between the green in the threads and their dark matrix, 
and there is hardly anything to suggest that they have an 
organic origin. Itseems more likely that they have resulted 
from some progressive change in the mineral nature of the 
shale. Excepting the lingulas the fossils which occur in the 
layer numbered 6 in the general section are all of a black and 
bituminous substance, which is apt to break and fall out in 
drying, leaving only a mold. The dark shale in numbers 6 
and 7 is fine and very uniform in character. Occasionally it 


is difficult to distinguish from the coal measure shale, but the | 


latter usually contains small mica scales, which are absent 
from the former. Where not weathered these beds contain a 
considerable amount of bituminous material, which on distil- 
lation yields inflammable gas and oil. The several layers of 
the formation have been examined for phosphate by Dr. J. B. 
Weems, who finds 2.01 per cent of calcium phoshhate in num- 
ber 7,1.94 per cent in number 6, 2.09 and 2.18 per cent respec- 
tively in two analyses of material from number 5, 3.18 per 
cent in number 4, 6.82 and 5,29 per cent respectively in two 


26 G Rep 
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analyses of material from number 3, 5.43 per cent in number 
2, and 4.86 per cent in number 1. 

Structural Relations.—As already shown, a pronounced 
unconformity separates this formation from the overlying 
coal measures. The erosion interval preceding the deposition 
of the latter has left its marks, not only in the reliefs which 
extend from the top of these beds to a considerable distance 
below their base into the underlying limestone, but also in the . 
weathering of the Sweetland Creek beds, especially where 
these rise high. In such places the lamination appears indis- 
tinct, and the shales are oxidized and leached. After the 
deposition of the Sweetland creek beds they were raised and 
subjected to erosion and sculpturing, which no doubt removed 


the greater part of them. Only remnants are left. Then, 


again, the land was submerged, and the topography just 
sculptured was covered over by the variable shore deposits of 
the coal measures. . 

It has also been shown that there is an unconformity with 
the underlying Cedar Valley limestone. Butthis unconformity 
indicates altogether different conditions. The upper forma- 
tion is, in this case, not a shore deposit. The basal member 
of the Sweetland Creek beds is a thin layer of argillaceous 
dolomite, containing no littoral detritus, and it is unusually 
uniformly developed, though only two or three inches thick. 
It is a sediment made in the sea at such a slow rate that the 
teeth of dying fishes accumulated rapidly enough to make at 
one place as much as one-fourth of its bulk. This layer fol- 
lows the small inequalities in the surface of the lower rock 
like a mantle. None of these are very high or deep. Ona 
distance of a few rods none appear to exceed two feet in 
vertical extent. Near the Geneva school the basal tooth- 
bearing layer appears to occupy a place eight feet lower than 
the highest ledge in an abandoned quarry close by. Thesur- | 
face of the limestone is, however, plainly eroded, and appar- 
ently to some extent oxidized. In the east bank of Sweetland 
creek the highest ledges of the limestone run out to the 
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south, and the overlying formation comes down over their 
beveled edges. An unconformity of this kind is most likely 
caused by subaqueous erosion, due to marine currents, fol- 
lowed by renewed sedimentation in the same sea. Such 
events may have been accompanied by an approach of the 
shore line. This is, perhaps, indicated, by the presence of 
faint traces of vegetation in the later member in this case. 
But at the very beginning of the second accumulation the 
shore was not near enough to leave a trace of anything 
coarser than clay. Even this was scarce at first, when cal- 
careous sediments predominated. The persistence of each 
thin layer over distances of several miles goes to show that 
the conditions under which they were laid down were uniform 
over wide areas, and such conditions are not to be found in 
the proximity of the shore line. Everything considered, this 
unconformity was most likely caused by changed conditions 
in the sea and its currents, in all probability consequent upon 
some orogenic movements affecting the ocean basin. — ) 
Fossils.—The fossils so far found in this formation are few, 
but they are many enough to indicate that it must be referred 
to the Upper Devonian or the Chemung. The fibrous. plant- 
like impression from number 3 was found extending over a 
slab a foot long and about three inches wide. Inthe pyritous 
layer in number 2 there was a similar, much smaller, impres- 


‘sion. The mold in both instances was covered by a bitumi- 


nous crust an eighth of an inch in thickness. In this no 
organic structure could be detected. The lingulas which 
occur in numbers 3 and 6 have been submitted to Dr. Charles 


- Sehuchert, who says that one species is apparently identical 


with an undescribed species from nodules in the ‘‘ Black 


Shale,”’ or the Genesee; one is related to LZ. melie Hall, from 
the Cuyahoga shalé, and another to Z. nuda Hall, from the 


Hamilton. The author has also observed.one lingula in num- 
ber 6, which resembled Z. subspatulata M. and W. Some 


_small bilobate fossils from the same number in the general 


section have been examined by Dr. J. M. Clarke, who has 
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reported that they are identical with Spathiocaris emersont 
Clarke. This fossil occurs in the Portage group, in New 
York, and has not previously been reported from the west. 
In the same layer the author found one fossil which resembled 
Solenocaris strigata Meek. This form is known to occur in- 
the ‘‘ Black Shale”’’ of the Ohio valley. The cast of a gastero- 
pod found in the stony ledge, number 3, was too fragmentary 
for more exact determination. Dr. C. R. Eastman has exam- 
ined all the fish remains found, and states that the greater 
number of the teeth from numbers 1 and 2 are Ptyctodus cal- 
ceolus M. and W. He finds them on the average smaller than 
usual, but in other respects perfectly like the type. He also 
reports that there are several other forms of flat, crushing 
teeth, which are allied to Synthetodus from the State Quarry 
fish bed in Johnson county. From the bituminous, dark shale, 
number 6, he identifies a Rhynchodus, related to R. excavatus 
Newb., from the Hamilton in Wisconsin. | | 


LIST OF FOSSILS IN THE SWEETLAND CREEK BEDS. 


Lingula, sp. undet...Identical with one from the Black Shale 


ES Cfs elie Lae re eosin eee Sareea ne eke ee Cuyahoga Shale 
Lingula, cf. nuda Hall...... COME La ARACEAE DEG atom Dl DA en Hamilton 
Lingula subspatulata M. and W. (?).............. Black Shale 
Spathiocaris emersoni Clarke...........00.6...5 Portage Shale 
Solenocaris strigata Meek (2). 2600. ci. cove oe on Black Shale 
Ptyctodus calceolus N.and W .. Hamilton and State Quarry Beds 
Ehynchodus, cf. eccavatus Newb....... Hires a tact Re Hamilton 
IMPRESSION OF PLANTS. 

SY TEMCLO MUS: s A rspeite see conk verse as ae ae ee ote State Quarry Beds 
Gasteropod. ji : 


Additions will no doubt be made to this list. As it is, it 
indicates a correlation with the Upper Devonian of New York, 
and more particularly with the Devonian Black Shale of the 
interior, which also is regarded as a part of the Upper Devon- 
ian. ‘To this shale it shows another resemblance in having 
the basal layers stony and containing a comparatively high 
per cent of calcium phosphate, while the upper part is a black 
shale. It will be remembered that in Perry and Hickman 
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counties, in Tennessee, the Black Shale changes downward 
into the phosphate rock.* 
This comparison may be better shown in tabular form. 


RELATION OF DARK SHALE TO PHOSPHATE-BEARING ROCK IN IOWA 
AND IN TENNESSEE. : 


IOWA. TENNESSEE. 

Bed No. 7 contains 2.01% of phosphate. | Black Shale, con- 
LER Snel Onis teaen 1.94% * gs Dark Shale. taining little or 
see Sine a) 4 213% “* of no phosphate. 

SOR BIAS asTtt 3.18% ‘‘ Ks Variable Beds. d 

Nees Owe. wes 6.05% * As Greenish-gray py- Peace noe 
OS Oi eats one 5.43% * BS ritiferous rock| phate rock, with 
He ets A Bag AOS ee Ke and shale. eerie * Ries 


The indicated correlation appears all the more probable, as 
there exists under the phosphate-bearing rock in Tennessee 
an unconformity, which is believed to be due “‘not to the 
existence of a land area and subaerial erosion, but rather to 
non-deposition, by reason of strong marine currents.’’+ The 
renewal of the conditions of sedimentation in the Paleozoic 

sea in the late Devonian age may not have been quite simul- 

taneous in. the two localities, though nothing is known to 
indicate the contrary, but there seems to have been at any 
rate a parallel.in the sequence of events. 


CARBONIFEROUS. 


During the time of the deposition of the rocks of the Lower 
Carboniferous series farther south, Muscatine county was 
above water, at least for a time which was long enough wholly 
to remove any materials that might have been laid down in 
the first stages of the period. The earliest rocks which 
‘appear after the Upper Devonian are those of the Des Moines 
stage of the Upper Carboniferous. 


DES MOINES. 


In the south half of the east end of the county there is a 
part of an outlier of the Upper Carboniferous, which is cut 


Part II. : 
tLoc. cit., p. 534. 


*See the Tennessee Phosphates, by O. W. Hayes. Seventeenth Ann. Rep. U.S. Geol. Surv., 
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off from the north margin of the Illinois coal field by the val- 
ley of the Mississippi river, and extends into Scott county on — 
the east. -The materials of which it is composed are very 
variable, consisting of conglomerate, sandstone, shale, fire 
clay, coal, and limestone. These change in short distances, 
and local sections present great differences. 

The point farthest west where these rocks have been 
observed is in Lowe’s run, in the Ne. qr. of Sec. 32, Tp. 77 N., 
R. II W. Beginning farthest up in the west branch of this 
stream the section exposed is as follows: 


FEET. 
4, Light colored shale, digiaries by glacial action and 
worked into the Gil sake fale Seats ete tte myseators. ora 44 
3. White or ferruginous and yellow or brown sandstone, 
in beds of varying thickness, sometimes with oblique 
ed Ging SMe eaten techie cease ata sucaecelis cies Sat bearer Sata ges Fis 10 
2. Laminated, black, Cae oncanay: very soft sandstone, 
with frequent impressions of plants.......... ..... 4 
1. Sandstone, mostly dusky yellow or brown, following 
the bed of the creek some distance down.......... (?) 


Number 3 has been quite extensively quarried, and is used 
mostly for foundations and retaining walls. Under the bluff 
two miles west of Muscatine there is an abandoned quarry in 
a sandstone which rises about fifteen feet in the bluff. This 
is possibly a continuation of number 1, in the Lowe’s run sec- 
tion. Along the branches of Pappoose creek, in the city of 
Muscatine, sandstone, shale or coal is always seen, wher- 
ever the creek has cut down below the drift. In the north- 
west part of the city, near the adjoining corners of sections 
26, 27, 34 and 35, a sandstone fifteen feet thick lies at an ele- 
vation of at least 125 feet above the river. In places it is 
directly overlain by loess, no bowlder clay being present. 
Under this sandstone there is a small seam of coal, which 
appears in a creek southeast of the crossing of Logan and 
Cedar streets. In going up the main branch of Pappoose 
creek the coal measures make their first appearance a short 
distance above the junction of Star and Cedar streets. Com- 


} 
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bining the rock exposures seen in the south bank of the 
stream at this place with some exposures in a gully from the 
same side, where some rock has been quarried, the following 
section is apparent: 


d.| Shelly, yellow or, gray sandstone..... 50 2....6 6... eee. 9 

4, Somewhat ferruginous sandstone, in ledges about a foot 
in thickness, with occasional impressions of Lepido- 
dendrans! 5 Meee in oe ada hs Nee ake eee ye 8 

3. Irregularly-bedded, fragile, ferruginous sandstone, 
with frequent concretions of iron pyrites and impres- 


sions(of Lepidodendrons ts.) lang eis oho ee 6 
2 PAVBCAT OL IM PULTE COM Miao vie x ced slot ails ipreelo) wite wiz Malai if 
1. Fire clay (in the bed and in the bank of the creek)..... 4 


This same vein of coal is found at a higher level to the 
north on the other side of the creek, where it has lately been 
worked on a small scale. A little farther up in the creek all 
the visible rock is like the upper member in the above section. 
There is a ravine in which fifty feet of it is seen, rising to 
within thirty feet of the general upland level. i 

The escarpment in West Hill, fronting the river, has been 
examined by several geologists, and we may quote here the 
account given by Hall more than thirty-nine years ago, which 
is as follows: 


8. Thin-bedded sandstone, with shaly layers............. 19 
7. Massive sandstone, with large concretions.......... Weal O 
6. Seam of coal or shaly coal, with under clay: .0.30 0.7. 4 
- 5. Shaly sandstone, with shaly partings, more shaly in the 7 
OWE DAG re ese Se leslesale skies ete iuhers ees Nite TS’ Bk 
4, Thin-bedded sandstone, with shaly partings.......... 5 
3. Heavily-bedded sandstone: . 224200... foencle ene ones 6 
Qe Gress ales He dnre re ae waters cies hoe e he veks Mhyaiete tee ehaie ace 3 
1.5) Distance to level of river (covered). its. lo. Jonas 20 


The coal seam (number 6) of the section is, as originally 
described by Whitney, not very regular, but is divided into 
several smaller and somewhat irregular areas toward the 
river. To the west.a short distance it becomes more regular, 
and attains a thickness of two and one-half to three feet. A 
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little farther westward it appears to thin out entirely, allow- 
ing the sandstones above and beneath to come together. 
There are, perhaps, several coal seams in this outlier. The 
thickness of the one worked varies from an inch to more than 
three feet.* It may be added that of the large spherical con- 
cretions mentioned in Hall’s section, and figured in the earlier 
reports, none are now in sight. <A large specimen, which is 
seen as a beautiful ornament in front of a residence in the 
central part of the city, has been brought from across the 
river in Illinois. Working of the coal vein in this section 
long ago ceased. Some of the entries on the old Smally 
property extended back from the bluff more than 1,000 feet. 

In that branch of Mad creek which runs through the north- 
ern part of sections 26 and 27, in Bloomington township, shale 
and sandstone come into view.in several places. Such is also 
the case in the branch opposite to this, from the east. A 
small quarry has furnished some sandstone in the east bank 
of Mad creek, near the center of the east line of the north- 
east quarter of section 13. But at no place in the basin of 
this creek does the Des Moines formation have any consider- 
able thickness, owing, as it appears, to preglacial erosion 
along the course of the stream. 

In East Hill, fronting the river, some coal has ese mined 
high up in the slope. Under this coal there is about four feet 
of fire clay and then a basal sandstone of variable thickness, 
from four to six feet. This rests on the uneven surface of 
the upper bituminous shale of the Sweetland Creek beds. 
From this point to the east line of the county the coal meas- 
ures are always present in the bluffs of the Mississippi, or at 
a short distance back, occupying a position under the drift 
and above the Devonian rocks. In section 30 in Sweetland 
township most of the exposures consist of shale. In the east 
half of this section is the old Hoor coal bank, no longer 
operated. Doctor Keyes has reported that the floor in this 
mine was a soft, gray fire clay, and the roof was a sandstone, 


*Keyes. Iowa Geol. Surv., vol. LI, p. 477. Des Moines, 1894,. 
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quite firm and rather compact, and he gives the general sec- 
_ tion as follows: 


FEET 
Pyvwohale, bl uishsaneillaceous, . wes. sec% fs te fas We, ste deen oy 10 
AN SAN USLOM Orse cus: cierave sa he Gai cieleloia ts «alt Ss tubkers s Weeacl alae svete o 2 
Sate COINS cscrsceatent tanelcraand curs tenaheh tina s lereelee sabe beretetacd « orosipain & 3 
ath EURO A CUBY. 8 ites sedoi acme ae ® ose VaMne a shevelanere ets e hieceron Miaresard eis 4 
Le eELVd denMtO PIVer TEVel N.2:.%, cee utailtelslars o's iake ets ose giao hee 30 \ 


East of Geneva creek in section 29, Sweetland township, ~ 
there is more sandstone. This has a thickness of twenty-five 
feet in the quarries on Mr. Stark’s farm. At this place it is 
seen to have a joint or fissure which is filled with plates of 
fibrous or columnar white calcite from half an inch to two 
inches in thickness. [rom here to Pine creek the prevailing 
rock of the formation is sandstone, which reaches its greatest 
development in the county between Wyoming Hill and the 
west arm of Pine creek. Over this tract preglacial erosion 
has been less effective than over any other part of the county. 
The character of the Carboniferous in this region can be best 
shown by giving some local sections. 

In the east bluff of Sweetland creek, east from Mr. Nettle- 
bush’s coal mine, in section 27, Sweetland township, the suc- 
cession is as follows: 


FEET, 
4. Rather hard and strong sandstone in ledges frequently 
sevieraliteet imbhickness (7.25 Was cise tales peace 30 
3. sseamiof coal.and’ blackishale 0 3.200.) oean) sera = cre sna 3 


bo 


Soft, arenaceous shale, with a coaly seam near middle. 70 
ae 1, Sandstone, conglomeratic at base, extending below the 
DECOM RHAO CRORE ace ars Sete Loo aisha ae ahah eee apenas 10 
The coal mines referred to .are on the northeast quarter of 
section 27. 'The coal there is the equivalent of number 3 in 
~ the above section. 
The different beds which are to be seen at Wyoming Hill, in 
the:face of the bluff are somewhat like those given above, but 
there is less shale and more sandy material. 


. 
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WYOMING HILL SECTION. 


FEET 

9. SDriftrand)loesss main yyloessirare wrctcmte nee cmos acters 30 
8. Sandstone of uniform texture in beds.several feet thick, 

soft and disintegrated above.................+..... 30 
Tic, AMiseant ofcoa)l and (ire) Gla yin wl: ae ean mare eo oe 3 (2) 
6. Dark shale with frequent small ferruginous concretions 12 
5. Sandstone, partly thin-bedded and partly in beds two 

feet Vin thick Me sss Coe O35 ch emcee are el aith a aeaitcay tae 17 
Ar eaSeam OL CORLL Va cocmuameenete eue Retort PCE hone 4 


3. Shaly sandstone in irregular slanting layers inter- 
bedded with dark seams of sandy shale. Very vari- 


ADT OL Ei is L ie hy State Necstns Pay edane tag ule Ue EA ele eae 45 
' 2: Sweetland, creek beds wu foam ta see ee eats Qlsaanany 8 
1. Cedar Valley limestone to low water....... BES HEG SS 5 


# 


In a gully which comes down at the west side of the hill, 
the base of number 3 is seen to be a conglomerate about a 
foot in thickness. Farther up the same gully what appears 
to be an equivalent of number 6, is seen to contain impressions 
of fern leaves in profusion. The numbers 3 and 5 have yielded 
impressions of Lepidodendron and Calamites, sometimes of 
large size. ih ne 

A somewhat generalized section of the Des Moines con- 
structed from observations around Fairport and in the run 
next east of this village is as follows: 


FEET, 
4. Disintegrated fine sandstone with oblique lamination, 
ATU PlACORIS MAL Yee |: rs ehsra traions aha /hiopeba ld one alien aoasre ane. 40 
3. > Shale,in part: light, in part. dark..0) ....7)05..% -. “hak 
2. Finely laminated, hard or fragile sandstone, with fine, 
long slanting laminations. oviccue h. aiuelia ie 20 
1. Dark shale and sandstone, variable and usually with a 
thin conglomerate at base........ 0. ee eee 10 


Back of the bluffs, in a ravine not quite two miles east of 
Fairport, a sandstone occurs at an elevation of -about fifty 
feet above the river. This stone is literally filled with black 
and carbonaceous impressions of plants. Much of it is ripple- 
bedded and under it there is a seam of coal resting on fire 
clay. 
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South of the center of section 20 on the last high spur of 
the bluffs west of Pine creek there is an old abandoned coal 
mine at an elevation of about 110 feet above the river. It has 
furnished considerable quantities of coal in former years. 
The seam is overlain by a black limestone, in part concretion- 
ary and in part bedded. The latter contains quite a num- 
ber of fossils, among which Dr. Calvin has recognized the 
following species: 


Ohonetes mesoloba N. & P. 
Chonetes parvus Shum. 

Spirifer cameratus Morton. 
Derbya crassa M. & H. 

Productus muricatus N. & P. (?) 
Aviculopecten occidentalis Shum. (?) 


This limestone is interesting as being the only member in 
the coal measures known in the county containing marine 
fossils. It is easily recognized both lithologically and by its 
fossils as being the equivalent of the limestone overlying 
Dr. Worthen’s coal number 1 in Rock Island county, in 
Illinois. es 

East of Pine creek the coal measures are more shaly, and 
cliffs of sandstones are seldom seen along the streams. These 
have wide valleys with comparatively long slopes, on which 
evidences of small landslides now and then appear. Seams 
of impure coal are included in the shales and sometimes crop 
out, in the bed of the streams. Near the east line of the 
county at Montpelier and in the creek next east of this, a 
sandstone rises in vertical walls about thirty feet high. It is 
white and thin-bedded, and of more variable composition at 
the base. In the bed of Montpelier creek the thin-bedded 
stone is seen to have beautiful ripple marks. In the other 
creek the base is coaly and shaly, an interrupted vein following 
the contact of the coal measures and the Cedar Valley lime- 
stone for about a mile up the stream. More or less pro- 
nounced indications of a carbonaceous or coaly deposit at this 


hs 
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horizon are found in Montpelier creek, Robinson creek, 
Lowry’s run, and in the east and middle branches of Pine 
. ereek in sections 4, 7 and 8, of Montpelier township. 
The west bluff of Pine creek, all the way from Pine Creek 
Mills to near the junction of its two main branches near the 
center of section 17 in Montpelier township, consists of a high 
‘ and frequently vertical escarpment of solid sandstone, from 
fifty to a hundred feet high. This sandstone rests on softer 
shaly beds, into which the creek has cut-its valley. The: 
sandstone has been partly undermined by the stream; further- 
more it is cut by vertical joints; and for these causes blocks. 
of the rock break off and fall down, forming a talus below. 
Near the north end of the escarpment some large blocks of 


Fic. 84. Devil’s Lane, from the south; Wild Gat Den. Photo by Oalvin. 


the whole formation of the sandstone have begun to creep 
out and down on the underlying shale and have left a deep 
fissure ten feet wide between the detached blocks and face 
of the main ledge. This fissure is known as Devil’s Lane 
(Fig. 34). A remnant of another block lies still farther out, 
a having advanced farther down toward the creek. This must 
have been detached first from the parent ledge. A third block 
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is just in the process of being detached and is ready to join 
the procession in the rear, (Fig. 35). On the surface of the 
ground above, there are three sunken pits in a row over the 
forming crevice. This is open below, at the south end, and 
is known as the Niche. North of the Lane there is a recess 
in the wall which 
has been called the 
Bake Oven. Some 
distance to the 
north of this, close 
up to the brink of 
the wall, another 
small recess in the 
‘4 Sandstone has been 
~ formed. This re- 


Fic. 35. Detached blocks of coal measure sandstone creep- _ ceived the name of 
ing on a foundation of shale, near Wild Oat Den. x 
a, Devii’s Lane. b, Settling of the ground above Wild Cat Den from 


he Ne the Nimrods among 
the early settlers in the region. The beautiful scenery along 
this mural escarpment, is enhanced by some native pines that 
rise in sombre grandeur from the brink of the wall. During the 
warm season it attracts from the cities and from the surround- 
ing country, many visitors, who find comfort in the cool shade 
of the bluff and enjoy refreshing drinks from the chalybeate 
springs that issue from under the base of the sandstone. 
Some years ago a cast of the curving, tapering, radical end of 
a calamites tree was found in one of the blocks of the talus 
below this cliff. : 
Northward from the river the Des Moines rapidly thins out. 
Near the east line of the county it is last seen in the south 
half of section 1, in‘ Montpelier township. Along the east 
branch of Pine creek it disappears in the northern portions 
of sections 3 and 4. Near the center of the south line of the 
latter section there is about thirty feet of sandstone, mostly 
disintegrated to an incoherent sand, with here and there some 
hard, thin, ferruginous layers. At Atteneder’s old quarry, 
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near the north line of Sec. 18, Tp. 77 N., R. I E., the sand- 
stone is sixty feet high in the quarry wall. A small amount 
of shale separates it from the Cedar Valley limestone below. 
But in two miles farther up the creek the whole formation 
gives out. In Sweetland creek it is last seen near the south 
line of Sec. 10, Tp. 77 N., R. I W. Away from the creeks, 
and under the upland drift, it no doubt reaches somewhat 
farther north. A well at Pleasant Prairie has penetrated 
thirty-two feet of dark shale and sandy material, which must. 
belong to the coal measures. Beds of this kind are also 
reported from a deep well near Summit. 

In the west bluff of Cedar river, northwest of Moscow, 
small blocks of Des Moines sandstone were observed. These 
were of such a character as to lead to a suspicion that there 
was an outlier of this rock under the drift close by. This 
supposition was verified in examining some drillings from a 
well on the farm of Mr. Frank Barnes. These contained 
Carboniferous shale with 'pyrites that had come from below 
the drift. The same shale has been reported by drillers from 
some wells just east of Atalissa. Very small pockets of coal 
measure Shale lie on the limestone at one place in Gatton’s 
quarries, south of the Chicago, Rock Island & Pacific rail- 
road, in the northwest quarter of section 8 in the same town- 
ship. ; 

General Section.—If a general succession in the Des Moines 
beds were to be indicated the following appears to the writer 
as representing the nearest approximation at present pos- 
sible: 


FEET. 
6. Black limestone, arenaceous, and with marine 
POSSUIS HN cal e(a spelt eer er re earch ea eae 2- 4 
5. Coal and fire clay. 
4, Sandstone, sometimes replacing the number below 30-100 
3., Coal or carbonaceous\shale ...0.......... 6200005. 0- 50 
2. Argillaceous and arenaceous, very vuriable beds, 


with frequent impressions of plants and occa- 

sional seams of coal near base................. 10- 40 
1. Basal conglomerate, very variable, in places 

replaced by sandstone, black shale or coal..... 0= 10 


] 
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Unconformity with the Devorian.—Some time before the Des 
Moines was deposited in this region the Devonian sea had 
retreated, and the land thus uncovered had been subjected to 
extensive denudation. One result of this denudation was the 
development of a peneplain, which cut the Devonian rocks 
some fifty feet deeper down near the north end of the county 
than along the Mississippi farther to the south. Hence the 
uplift was most likely accompanied by a slight tilting of the 
land toward the south. In the area under consideration 
the greatest inequalities in the ancient Carboniferous land 
surface which are evident do not exceed forty or fifty feet, 
but they are frequently abrupt and well marked. (Fig. 36.) 


\ 


Fra. 36. Unconformity between the Des Moines and the Oedar Valley limestone in 
the east bank of Sulphur branch, in Montpelier township. Photo by Oalvin. 


Wide crevices filled with coal measure clay sometimes follow , 
‘the joints down from the old surface in the limestone. These 
filled caverns are occasionally such as to suggest that the. 
“ancient land had at some time an underground cavernous. 
drainage. Farther east stalactitic matter and travertine may 
still be found on the bottom of some caverns which are other- 
wise filled by coal measure shale. 
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The character and distribution of the basal conglomerate 
sheds some light on the nature of the old land. The con- 
glomerate is usually best developed in the low depressions in 
the older rocks, as if made along the courses of the land 
streams.’ Sometimes the large fragments are quite angular. 
These seldom make up the greater part of the rock, but lie 
imbedded in a sandy matrix. In the east bank of Lowry’s 
run, in section 22 of Montpelier township, a conglomerate of 
this kind is seen. At the south end it is cut by an uncon- 
formity at an angle of about thirty-five degrees from the 
horizontal, and is directly overlain by a coal seam dipping 
north with this angle. This marks a local incident in the 
advance of the Carboniferous sea. It indicates that the con- 
_glomerate is rather to be regarded as a product of the work 
of land streams on a sinking coast than as a residue from 
beach erosion. The materials which are represented in the 
larger fragments of the conglomerate show that it was 
brought mainly from the north and northeast. The average 
size of these fragments is from one to two inches in diameter. 
A list of the more commonly represented rocks in the con- 
glomerate is here appended. 


MATERIALS IN THE BASAL CONGLOMERATE. 


1. Wiagara chert. 

2., Niagara dolomite. 

These two contain recognizable Niagara fossils, such as 
joints of crinoids, brachiopods and favosites. The Niagara 
dolomite is frequently silicified. 

3. Fayette breccia (silicified blocks, seen in Montpelier 
creek at the contact of the coal measures with the Sweetland 
creek shales, occurring singly in four or five places, a foot in 
diameter, one having a small pocket filled with zine blende 
unchanged, having the superficial appearance of blocks sub- 
jected to the solvent action of water). 

4. Quartz nodule from the Fayette breccia (known from its 
texture and peculiar pitting of the surface). 


ay MC Ce 108 iy ge Rie ON ACs ede UT nD 2 gr ioe be aan es eas SS Wad ih! lea Peed 
te We Gili tat eh oa a Silda Tesi ae Or Ly Vai a ; b 
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at 5. Sweetland Creek shale (near local outliers of the same 


formation). 
6. Red chert (source not known). 
a The Carboniferous Record.—The general succession in the ; 


Des Moines of this county shows that the ‘coast of the 
advancing sea was low, allowing only a small quantity of 
coarse materials to be brought down by the land streams. 
(Fig. 37.) As the sea advanced there was at first shallow 


Fia. 37. Basal conelomarate of the Des Moines, in the left bank of Montpelier creek « { 
\ near the bluff of the Mississippi. Photo by Calvin. ‘¢ {yi 


water, where the surface waves produced ripples in the heap- eae 
ing sand. Then beaches and sandpits were formed, hemming aeeo 
in coastal marshes, where mud accumulated and vegetation aes 
flourished and became imbedded. The sandstone in Sweet- he 
) land township is frequently bedded in a way suggesting 
! that the beach sand at this stage was blown about by the ‘ 
wind, which may have aided in the making of isolated marshy 1G 
places. After some time the sea had so far gained the ascend- Wi 
ancy that calcareous deposits were laid down in waters with | : 
a brachiopod fauna. The advance was in all probability con- oe 


tinued with interruptions for some time, but at this point our ji 
27 G@ Rep 
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record ceases, having been obliterated by erosion during 
later eras. 


CRETACEOUS ? ? 
THE PINE CREEK CONGLOMERATE. 


On the right bank of the west sidé of Pine creek, a short 
distance north from where it leaves section 34, Tp. 77 N., R. 
I W., there is a pebbly sandstone, unlike the coal measure 
conglomerate in the surrounding country. This sandstone is 
mostly brown in color, changing to yellow. It has a rather 
coarse texture, compared with the coal measure rocks, and is 
somewhat more variable in this respect. The best exposure 
appears in a small gully, which comes down the hill from the 
west, some twenty rods north of the south line of the section. 
In all a thickness of about sixteen feet is seen. ‘Springs issue 
from the base of this rock, along the slope to the creek, indi- 
cating finer impervious underlying beds. The lower part of 
the section has one ledge which is two feet in thickness. But 
the bedding is irregular and the layers vary much in thickness 


in short distances. Some of the ledges arestrong enoughtobe . 


used for building stone, while one or two are loose sand. 
Even the hardest layers break easily under the hammer. In 
these the sand and gravel is cemented by a black matrix of 
peroxide of iron. The uppermost ledges are somewhat finer 
than the lower. Two sets of quite regular joints here cut the 
rock. Oneset bears west of north and the other north of east. 
Along these joints the ferruginous material is most profusely 
deposited. Some of the ledges are cut up into rhomboidal 
blocks about a foot in length and from eight to ten inches in 
width. These have a shining black hard crust, half an inch or 
more in thickness, which on some of the blocks has separated 
from the lighter and softer rock within, forming thin, straight 
and smooth plates. Above this brown sandstone there isa yellow 
loose sand containing small bowlders of greenstone and gran- 
ite. On top of this sand there is bowlder clay and loess. 
Small exposures of the conglomerate occur for a distance of 
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a quarter of a mile along the west side of the creek to the 
south of this place. 

The degree of induration, in the pronounced jointing, and the 
general ancient aspect of this conglomerate render it rea- 
sonably certain that it is not a part of the drift which overlies 
it. But it has pebbles of Archzean rock, and one of these is 
nearly six inches in diameter. None of them were observed 
to be scored, though quite a number were examined. The 
average size of the pebbles is from one-fourth to two inches in 
diameter. On the other hand, it is not believed that it can 
belong to the coal measures. Some of the pebbles appear to 
be pieces of coal measure concretions and lumps of coal meas- 
ure clay, and the aggregation of rocks represented in the 
pebbles is unlike anything observed in the coal measure con- 
glomerate. For comparison, a collection of fifty pebbles was 
made, representing the average sizes. The proportion of 
specimens of different rocks in this lot was as follows: 


: . PER CENT. 
Mell Gwe OHOrbo re cee o Fetal N erctscee Slee ten oe ene aires Mao aie 32 


Greenstone gis syd alerad Saher a euai eile teaver eielkeale aqatete icy ala,elnbere vo 26 
Granites (mostly Vedi ta vache * Deigils capee a eaticsaree eters +e p, 0% 10 
White quartz (some of a faint, pink color) ...............- 8 
Fragments of coalmeasure rock... 5. ie ee cee eee 4 
Tightwrediorthoplase ho) ag doa oes mirc uomeba sake eynetee oo > 
Blackeielsites ces s/c ancvsa cnet pincer a eyoemie erence teeter Sohete 2 
Porous Niagara chert ........ FEA: kn OBL cole 2 oinie ae 2 
@ipal CSM On yrs ews 9h c's cus eres wi ainvs 4) een evesecqearet clare ial ota eraibale. tere 2 
OrEnoclase= Dio Fite TOC kita ce eee rece’ aroeh nits su ghcl aye efele's) sigh stelnvoneecnrey 2 


The only conclusion which can at present be drawn as to 
the age of this conglomerate, is that it is post-Carboniferous 
and preglacial. Dr. Calvin, who has seen it recently, pro- 
nounees it identical in nature with the Rockville conglomerate 
described by McGee. It also somewhat resembles the Creta- 
ceous conglomerate found in Guthrie county by Mr. Bain. 
Possibly it may be an outlier of the Lafayette formation, 
observed farther south by McGee and by Salisbury. 

In the south bluff of West Hill in Muscatine, just east of 
Broadway street, there lies on top of the coal measures and 
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under the drift a small remnant of a conglomerate somewhat 
resembling that above described. It is seen for a distance of 
only three or four rods and its greatest thickness is three feet. 
It is plainly uncomformable with the beds below. The base 
is a very pebbly sand, held in a dark ferruginous matrix, 
which, in some places, does not wholly fill the interstices 
between the pebbles. The upper surface is a brown ferrugin- 
ous, moderately fine sandstone of about the same hardness 
and aspect as the middle ledges in the Pine creek conglomer- 
ate. It is seen to contain three rounded bowlders from eight 
inches to one foot in diameter. One of these consists of 
eneiss, one of mica schist and one of quartzite. In a collec- 
tion of 100 pebbles from this ledge, different rocks were rep- 
resented by the number of pebbles indicated in the following 
list: 


PER CENT. 
Greenstone .... - ene eee ene eter eee eet ee en ene eee e eens 26 
Wihiberqua renege. fate bey. tec meiccteseaae chithe antinori 26 
Yellow: cher tustala. Wise funy cue coke A EER ete eae 18 
Granite’ (mostly red) pak arcane cst ashe stator ates eee ena 7 
Light red orthoclase.......... Pe hialote. losce Corus uroorccione iNet 5 
Coal MCASUTE MOGlE Ng Nea aN tous eee eno ait Hee amo es 4 
Black. felsiter eyes. geases ater asin oe oan se comet pone 3 
Quartz-biotite: schist 03.0226 te eden, |S ore cnteXpreat cect een Arle 3 
Paintly pinkish white quartgiiin. Mavieoues.cdaescs sumer s s 2 
< Quartz speckled With jasper... 2)s.05 4.4 o.licdss case e tel ee Mis 
Red. quartzitese we 2 7 teotaiierr aks uatagta oan eee il 
Hornblende rock Scho Waa palatine nies Un cane ee a ate 1 
Nilo y Quart Aa Whoa ohece Salit Veaseched Sxunioe tel ae et 1 
GOL S ae ah oh ayant ONG Mees See ay ated Oe ee CER Het 1 


The author is inclined to the opinion that this conglomerate 
in Muscatine and that exposed on Pine creek are both outhers 
of the same formation. — 

As to the age of this conglomerate the author has no 
opinion to offer except as indicated above. The complexity 
and uncertainty of the problem is fully stated in a letter 
recently received from McGee, in which he says: ‘The greater 
part of the brown sandstones in that region are of course 
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Carboniferous, and outliers of that age occur at intervals 
northward through Scott and Clinton counties, and I believe 
also in Jackson and Linn, within suggestively few miles of the 
Rockville conglomerate. Several of these outliers have come 
to ight since I left the state; and, as you will remember, it 
was chiefly the evidence of the Cretaceous outliers northward 


and of the Cretaceous fossils in the drift that led me to corre- 


late the Rockville deposit with the Mesozoic. Subsequently 
I have worked on the Lafayette formation, and found it to 
form the record of a wonderfully extensive continental subsi- 
dence, followed by an impressive continental uplift. I have 
traced the Lafayette deposits well up into southern Illinois, 
while Salisbury and others have found outliers of what 
- appears to be the same formation still farther northward; and 
I am convinced that remnants of this formation ought to 
exist in the Mississippi valley, at least as far northward as 
Keokuk, and probably as far as Davenport or even Clinton. 
Finally, I long ago observed in Dubuque and Delaware 
counties peculiar sub-drift or basal-drift deposits unconform- 
ably underlying what we now call the Kansan drift-sheet; 
they are made up of ferruginated liviviated loam (probably 
what Bain would call ferretto) containing quartz pebbles and, 
as I remember, a few granitoid pebbles. On first examining 
this deposit, I was disposed to consider it glacial in origin, 
though much older than the lower till, the Kansan of to-day, 
and I deseribed it, with these ideas in mind, in a paper pub- 
lished in the Geological Magazine of London about 1879 or 
1880. Subsequently, being unable to trace the deposit over 
any considerable area, I rather neglected it, and, in the prep- 
aration of a report on northeastern Iowa, I assumed it to 
be a subaerial accumulation containing some detritus from the 
Rockville conglomerate, and perhaps other formations inter- 
vening between the Paleozoic and the Pleistocene—the 
assumption being, I believe, implicit, since I do not recall 
referring to the matter specifically. Accordingly there 
appear to be four distinct series of deposits to which local 
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accumulations of brown sandstone might be assigned, the 


criteria for comparison and correlation being sadly vague.”’ 
PREGLACIAL EROSION. 


Nature of the Data.—-The number of deep wells, which the 
farmers have found it necessary to make on the uplands, give 
us some information concerning the nature of the old land 
surface that is buried under the drift in the west end of the 
county. In the course of the survey records of a number of 
such wells have been obtained, mostly from well makers. A 
table is given below, in which these wells are enumerated by 
sections and townships. The second column in the table 
gives the location of each well, and the name of the owner 
when known. The third column describes the situation with 
regard to topographic features. The fourth gives the eleva- 
tion of the top of the well, with regard to sea level. This 
has been obtained from railroad levels, and from the topo- 
graphic sheets of the United States Geological Survey in the 
north tier of townships. For the other part of the county the 
elevations given are mostly either aneroid measurements or 
estimates. The fifth column gives the depth of the well from 
the surface. The sixth column describes the materials which 
have been penetrated. The information obtained on this 
subject is the least satisfactory, except as to the elevation of 
the bed rock. Well makers generally fail to distinguish 
between the pebbleless yellow loess and pebbly, yellow 
bowlder clay. Both are usually reported as ‘‘ yellow clay.”’ 
In the same way a blue silt or soil-bed is not always reported 
separately from blue bowlder clay. But the records are 
given for what they are worth, in the hope that in the light of 
future explorations some of them may prove useful. The 
depths to the bed rock are given with greater confidence, as 
depth is of the greatest practical importance to the well 
makers, who have more than one way of knowing when rock 
is encountered. The last column gives the elevation of the 
top of the bed rock in feet above sea level, in which case the 


/ PREGLACIAL EROSION. ook 


figures are in 7talics, or it gives the level at which the well 
stopped in drift, in which case the figures are in ordinary 
type. It will be noticed that the wells are quite uniformly 
distributed over the uplands, while the lowlands are repre- 
sented by only a few borings. The data on the bed rock 
levels seem quite sufficient for the construction of fifty-foot 
contours over all except the south tier of townships. A map 
giving the contours is presented in plate vii. It is believed 
fairly to represent present explorations, and may be used 
with some confidence in making estimates on the construction 
of new wells. 


WELL RECORDS IN MUSCATINE COUNTY. 


~ BLOOMINGTON TOWNSHIP. 


oO 
> 
( } 
Q, 
q 20 
I LOCATION AND OWNER. SITUATION. | © : MATERIALS PENETRATED. a b 
Q 4 ; om 
d F| 3 ag 
I OS DM 
Zz A! Qa isa] 
BGs PRT See ot rp, Ce oe Upland....... 720+-| 115 |Loess and blue plays 10 ft of sand 
Sec. 5, ‘Pp. 77N., R. II W. at bottom..... mle tims ey vale ome td 605 
PAB es Cavenl @\2) Caen NAPS savetnce Upiand....... COs ROOM INOMOCK ie. en aneyaiecle sass tek sie aie Aopen Mors 
¢ Sec. 3, Tp. 77 N., R. 1I W. 
3)County farm........ ........ Upland...... 720+] 208 |Olay 100 ft, sand 20 ft, clay 60 ft, 
_| See. 33, Tp. 77 N., R. 11 W. LIMIOStONE!ZEUEG cock desler e tele abe te 540 
CEDAR TOWNSHIP. 
4|William Verink............. Low upland..|690 85 Loess 15 ft, yellow sand 40 ft, blue 
Sec. 14, Tp. 76 N., R. IV W. clay without pebbles 10 ft, white 
sand ‘with gas 15 ft..............3.- 605 
5|O> Carpenters.) vcs a: Upland......: 730+) 125 |Loess and yellow sand, blue clay, 
Sec. 33, Tp. 76 N., R. [IV W |(@aartdsbelowte sxcaehrrchacceaat ese - 605 
6/Louis Rliason................ Upland....... 720+ 154+ Mainly till, gravel at bottom...... 566 
Sec. 36, Tp. 76 N., R. LV W. ; 
WAS. COMGaI ccd Sack ahh vceme reeks Low upland. |660--] 200+ Soft till 130 ft, hard blue till 60 ft..| 460 
Sec. 24, Tp, 76 N., R. LV W. | 
SOE adleyinsicw once. obec nec Low upland..|680. | 1584-/Gas at 126 ft............. kee eee eee 522 
Sec. 36, rp. 76N., R. LV W. 
Si feel MEW coh sib oY OPC Aer Se ABE See Low upland.. 670 BOA NOOO Reaxsedar cate ng bie seine shsite cra vase iets 540 
Sec. 15, Tp 76 N., R. IV W. 
LOIS EAbiBON Es Mei akten seme: Low upland., 680 "205-4 Loess and yellow sand 20 ft, blue 
Sec. 35, Tp. 76 N., R. [V W clay, sand and gravel............ 475 
PT cM. Browns 20) ois vcviiane ed Low uplana..|680 680 “150 Loess 15 ft. yellow sand 8 ft, blue 
Sec. 34, Tp. 76 N., R. IV W. clay 100 ft, muck at 130 ft, gravel 
Y RO DECOM os. Ae Meme ete cess 580 


\ 
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WELL RECORDS IN MUSCATINE COUNTY—CONTINUED. 


LOCATION AND OWNER. 


K 
i:) 
2 
| 
5 
4 


12|Oharles S. Miller 


B Hershey Creamery.......... 
Sec. 4, Tp. 76 N., R. 


44|G. W. Kincaia 
Sec. 5, Tp. 76 N., R. IL W. 


FRUITLAND TOWNSHIP. 


® 
b 
° 
g cr 
SITUATION. | © MATERIALS PENETRATED, ae 
ela as 
> ~~ 
© = hor) 
re D On 
2 he au 
Bolow. bluii.. 5704+), 110. || NO TOC?) 2.0.4 ous > Dic etirek oh wales 460 
Base of bluff 580 | 44 |Norock.......c.ssiccsecasesecsess ses 536 
Below bluff.. 570 160 |Three wells entered rock at this 
Aeptheaetiwe sat eae et meee ie 41 


FULTON TOWNSHIP. 


15\Sedo Hayden................. 
Sec. 7, Tp. 78 N., R. I E. 


High upland|780-+; 120 


Gas from near the bottom of drift.| 660 


16|Sec. 23, Tp. 78 N., R. 1 E......{Upland... .. 760+} 75 |Rock at bottom.............s..0000-- 685 
17/Town of Stockton ........... Upland. ..... 720+} 110 | Drift 100 ft-deep....)....... 0.68.00: 620 
1BIB Otho kate tk oe Upland ...... 75041105 |Rock at 98 ft.......... ..scsses-- 622 
Sec. 7, Tp. 78 N., R LE. 
19|George Deming.............. |Upland Wee 760-+-| 180 | Yellow and blue clay 60 ft, brown 
Sec. 7, Tp. 78 N, RK. 0 E, sticky clay 12 ft, blue clay 58 ft..| 630 
LOW REIMOTS oc coated cas ee Upland.......|740+/ 92 |Drift 60 ft, black shale 32 ft........ 680 
Pleasant Prairie. : 
S110, Wiplta os. thebe bets Upland.......|738+, 144 |Yellow clay 30 ft. blue clay 40 ft, 
Sec. 33, Tp. 78 N., R. 1 E quicksand 7 ft, blue dirt (proba- 
; bly in part shale) 38 ft, rock to 
44 ifeetsc teva ae cama neue sees 600 
2alJ. H. Broders... ............. Upland Renee 740-4 106 |Yellow and blue clay, 70 ft, sand 8 Fico 
Sec. 8, Tp. 78 N., RK. LE. ft, limestone 28 ft.........6. 0.0... 660 
2a\Sec. 31, Tp.78N.,R.IE.  |Upland...... 780-+| 121 |Drift 116 ft, rock 5ft.......... ...... 664 
24\Sec. 12, Tp. 78 N., R. 1 E. Upland....... 748+-; 158+|Yellow clay and sand 20 ft, blue ha 
clay 120 ft, rock at 158 ft, timber 
BtT40 TH. waar ech acacia bey 590 
52;Hans Brookman............. Upland... i: 720-4 32 |Drift with gravel and bowlders at ii 
Sec. 12, Tp. 78 N., R. I BE. base; solid rock at bottom........ 688 
26\H. Stoltenburg............... Upland....... 730 | 105 |Drift to near 70 ft, then soft whitel 
Sec. 12, Tp. 78 N., R. I E. limieston@.k tama 65 
27/Ernest Muller Stockton..... Upland......./715 ‘ 150 |Drift to 47 ft, soft limestone to hie 
DObCOMA tt cosh wens te mentia se eee 668 
20 Pleasant: Brainies. secs. ence alge tose uen cere 750+ 90 ‘Drift 40 ft, shale and sandstone ...| 710 
GOSHEN TOWNSHIP. 
\ 
29|West Liberty Plain, south- 
west of Atalissa,........... Lowland.... |650 ? |Loess 6 to 10 ft, fine sand a few ft, 
coarse sand below 25 ft; depth 
URENOWNS y Sesh oe eee ? 
30)Cyrus Overman........ ..... Near bluffs .|670 fi 40 Disint ated in bottom...... 630 
Moe 10, The N., B. ILL W. Be egrated rock in bottom 630 
31| In the bluff in the east part cig mies pot 
OF A talissasinss.ctecies aeee In slope of 
bluff........ 1684 90 |Drift $0 ft, coal measure shale 10 ft| 604 


IOWA GEOLOGICAL SURVEY. PLATE Vil. 


i) 


MAP OF 
MUSCATINE COURIe 


BY J. A UDDEN. 


CONTOURS, 50 FEET. SCALE, 3 MILES PER INCH. 


Numbers underscored give altitude above sea level of rock surface. 


Numbers not underscored give altitude at which drilling ceased in the drift. 
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WELL RECORDS IN MUSCATINE COUNTY—ConTINUED. 
GOSHEN TOWNSHIP—ConviInvuep. 


Oo 
> 
i) 
Q, 
A | 85 
| LOCATION AND OWNER. SITUATION. | © MATERIALS PENETRATED. ae 
2 Cules on 
q Eiht, 38 
= es) Do 
a a| a fe) 
BOW MUU MG Yano ve lidcsekiae ew aence On the bluff.|690+| 43 |Drift 43 ft, then rock................ 647 
A taliase, (north part). 
33)/Frank Barnes................ Upland....... 700+} 156 |Drift 50 ft, coal measures 100 ft, 
Sec. 1, Tp. 78 N,, R. III W. limestone 6 ft..... te dsiehe Ma tat eone ad 5 650 
BAA talissawa. levee ndece Bottom land| 
at base of 
Dhue cs 664-+-]..... Loess 10 ft, sand +, blue clay to 35 
BGs SETA hale anareh sel eotacete ete tale: pinteye etensret| tate sl 
35)W. A. Howell................. Upland....... 670-+-]......)Yellow clay 15 ft, blue clay 35 ft, 
Sec. 5, Tp. 78 N., R. LIT W. SAM GSA Use see see ote orusennaeee as 612 
36 Isaac Dickinson.............. Upland......./720+| 78 |Yellow clay 15 ft, blue clay 25 ft, 
Sec. 9, fp. 73 N., R. Ill W. t dark sand 4ft, hardpan 20 ft, soft 
yellow sandstone (came up in 
i : small Aum ps)ALP tse bee wcccteecieters 656 
37/Atalissa (Markham)......... Base of bluff|670+-/ 110 |Yellow clay and sand 38 ft, blue 
e \ clay 71 ft, sand and limestone....| 560 
38|Atalissa (Overman)......... Base of bluff/670-+-| 136 |Yellow clay and sand 42 ft, blue 
clay 44 ft, blue limestone 44 ft, 
porous brown limestone 6 ft, 
wood 40 ft from top................ 574 
LAKE TOWNSHIP. 
389 Southeast sections in Lake} 
township, general sec- 
tION Mirada eetie ore a Masui Upland....... 740 | 250 |No rock in several wells ranging 
i in depth from 150 ft to 250 ft. A 
F » general section of the drift is as 
ollows: Loess and sand 20 ft, 
blue clay 100 ft, water sand 10 ft, 
blueiclayic iar sec. yee eSaor 490 
A0 (ESD TW0OG f238h./ coaster Upland....... OPT OD yi] NOPEO CH tasters tra a olans si stoleirhaleye Un arawisleises 455 
Sec. 27, Tp. 77 N., R. IIL W. 5 
41/0. Humphries................ Upland...... 740+] 100 |Bottom in sand...................... 640 
Sec. 13, Tp. 77 N., R. ILD W. 
42/Isaac Sager ........-.-....... Upland....... 5404-11150 No mock... ees seo fonaaiss dekeetee 590 
Sec. 25 Tp. 77 N., R. I11 W. 


MONTPELIER TOWNSHIP. 


43/0, Howard............ 0.06.20. Upland....... 730-++| 100 |Drift 20 ft, sandrock 80 ft, lime- 
Sec. 19, Tp. 77 N., R. LE. stone under this.............. ... 710 

44;Daniel Grimm, Jr. ......... Upland Tonite si 730++-| 20 |Loess a few feet, an old soil, with 
Sec, 6, Tp. 77 N., R.1E. dark, winding, vertical. cylin- 


ders resembling filled gopher 
holes, extending down into the 
underlying pebbly clay, some 5 
ft thick. Below this asticky silt 
and then a reddish clay.. ....... Rene 


MOSCOW TOWNSHIP. 


45|Near north line Sec. 2, Tp. 
18 Ng Bel Wie ee cine sae Slope......... CSOs ie vee Rock at a depth of about 90 ft...... 590 


Wiss cede poke everehens ‘|Upland ee ates 780), |-200), [Rook in bottom. 20...3 22s. eek caw ente |! 530 
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WELL RECORDS IN MUSCATINE COUNTY—CONTINUED. 
MUSCATINE TOWNSHIP. 


Oo 
b 
° 
Lee 
d “oe 
A LOCATION AND OWNER. SITUATION. | & , MATERIALS PENETRATED. 3 B 
3 #| 3 Re 
q lhe te oo 
f=] a |, a on 
a mA) A : a 
47 tery, trolscity.: Jao On bluff... ../720-+] 424 |Yellow clay 40 ft, blue clay 100 ft, 
SOCHOES, West GCLE dark sand 40 ft, blue clay 10 ft, 
limestone, varying in hardness, 
OBESE Ge ost acae costecche d= excel tle si8 530 
48 Gunserhauser’s well........ On terrace... 1695 7% |Drift 60ft, then coal measures..... 620 
SEVENTY-SIX TOWNSHIP. 
SIT PS VGWatta,, cccc-oekens acces Upland....... 740-1750 2 NO TOC Ks itkwcaes sa toe so alasieeeeetes 590 i 
Sec. 2, Tp. 76 N., R. III W. 
52|Patrick O’Brian.,............. Upland....... Hoo \1% clNowoekisn. ce heaste ie. 525 
, Sec. 17, Tp. 76 N., R III W. 
53/Daniel McCabe .............. Base of Mis-| | 
Sec. 11, Tp.76 N ,R. II] W.| sissippi bl’tt}5%5 80 |Sand, blue clay, and gravel........ 490 
SAA ET POM MOS ic- « crcertene oes Base of bluff|585+) 94 |Yellow clay above, red sand 60 ft, 
Sec. 22, Tp. 76 N., R. IIL W. white sand and gravel............ 491 
Dall pROOC Gace daeaenc weenie Upland......./730-++| 100 |No rock, gas at bottom.......- .....| 610 
Sec. 15, Tp. 76 N., R. FLT W. 
57/ Bluff of the Miselssippl river In bluff...... 715+-| 115 |Loess 12 ft, black gumbo or soil 2 to 
Sec. 10, Tp. 76'N., R. LIT W. 3 ft, mainly blue till 100 ft.......: 600 
DS PANEL @ LIN See tes at ie afew craters On a drift ; 
Sec. 10, Tp. 76.N.,;R. ILI W.| ridge....... 750-+-| 170 |Loess 12 ft, yellow till 38 ft, gravel- 
ly sand 25 ft, blue till, 25 ft, yel- 
low cemented gravel 10 ft, blue 
till, very hard and stony, 60 ft... | 580 
59| Isaac ‘Hperly................ Upland....... 720-++| 240+-|Loess 10 ft, yellow sand 10 ft, blue 
Sec. 32, Pp 76'N., R.-III W. Clay GOW cisco Sacre tates 480 
SWEETLAND TOWNSHIP. 
60;Frank Nettlebush. Hea Uplandnnas-n 730+) 340 | Loess 20 ft, clay, sand, and. gravel 
Sec. 27, Tp. 77 N., R. I W. 40 ft, soft sand rock 40 ft, “‘soap- 
Stone,” coal measures 57 ft, lime- 
SLONG WSS Pty ee rie ae eae ee 670 
GLOW MOnSeN sf sjous des cee ot Upland....... 740-+| 304 |Drift 90 ft, coal measures 120 ft, 
Sec. 20, Tp. 77 N., R. I E. limestonelO4ifte cece isle. cap creas 650 
62/Muscatine Terra- Ootta oa 
Lumber. Coie ic vias oases Under bluff..|585+-| 205 |Shale 18 ft, loose rock 2 ft; solid 
Sec. 30, Tp..77 N., KR. I W. rock 1-5 ft, slight escape of gas 
WAS INOVICEGS. «atch bast elakadepaeonieee 585 
63|Daniel Roberts... ........... Upland.......|720+] 80 |Yellow clay 3ft, sand and clay 77 ft.| 640 
Sec. 18, Tp. 77 N., R. I W. 
64 Js Newman: ..2.0...'s-s0ce ee Upland.,...... 760+} 60 |Soil and yellow clay 5 ft, blue 
Sec. 4, Tp. 77 N., R..I W. pebbly clay 25 ft, forest bed 10 ft, 
ash, clay changing to sand 20 ft..| 700 
65/8. Wintermirte ain SEDATE Upland....... 780+; 65 |Yellow clay 8 ft, stony clay 40 ft, 
Sec, 36, Tp. 78 N., R. 1 W. creek gravel 4 ft (with snails and 
bivalves), yellow clay and blue, 
with pebbles, 10 ft, ash clay 5 ft, 
SANG, Coo oae ec SCIEA ogee Gclae hides 715 
66|PABrossartites.ck kesh Upland......./765+| 200 |Drift 130 ft, sandstone and shale 65 ‘ 
Sec. 26, Tp. 77 N., R. I W. fo, then limestone 5 ft............. 635 
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WELL RECORDS IN MUSCATINE COUNTY—CONTINUED. 
PIKE TOWNSHIP. 


oO 
> 
° 
3 eo 
=| — 
B LOCATION AND OWNER. SITUATION. 2 MATERIALS PENETRATED, x6 
2 a| om 
Pulere Ag 
3 \ 2! & Be 
Zi A] A A 
49/G. N. Aylesworth...... gaan West Liberty 
Sec. 26,Tp.77N.,R.1V W.| plain....... 635 59 |Sand 320 ft, clay 10 ft, gravel 19 ft...| 576 
BOUNICHOIS otek tek eel alas West Liberty wa 
(please <3 638 | 250 |No rock, all clay, sand and gravel. 
of The well was tubed over 250 ft...| 388 
WAPSINONOC TOWNSHIP. 
67;Ohristian Wolfe............. Upland.s.- 3! 725-+| 240 |Onknown 40 ft, blue clay 60 ft, sand 
Sec. 28, ‘Ip. 78 N., R. LV W. Hs 6 ft, yellow clay 25 ft, blue clay 
with muck, wood and sand 107 ft, 
SANICGIBRET Stas ee eee pele aie 
68] West Liberty artesian well.|Upland slope|696 {1768 |Depth of drift 120 ft; this consists 
of peor clay 25 ft, quicksand 2 
ft, blue clay 38 ft, sand and gravel 
i } 55 ft; bed rock 1,648 ft... ..,...... 
69|Brooks’ farm..........., 5.2 Upland slope}640+| 100-++/Drift 100 ft, hard rock 40 ft, softer 
Sec. 7, Tp. 78 N., R. I{T W. rock with water .......00...se00: 
70|\John Venatta..............-. Upland slope}665 +; 245 |Drift 100 ft, limestone 145 ft........ 565 
See. 8, Tp. 78 N., R. I1I W. 
71|Frank Hunter..............+> Upland slope/670+| 120 |Bottom of wellinsand.............. 550 
Sec. 23, Tp. 78. N., R. LV W. 
7?| bouis-Watson 2:2 202) 2 ert a Upland slope}690+| 188 |Lioess 15 ft, blue clay 50 ft, rusty 
Sec. 7, Tp. 78 N., R. ILI W. : yellow clay with many boulders 
30 ft, soft brown limestone 43 ft..| 595 
73\George Venatta,..........-.. Upland slope|670-+] 220 | Yellow clay with some boulders 20 
Sec. 9, Tp. 78 N., R. III W. ft, blue clay 60 ft, brown clay 
with many boulders 15 ft, blue 
limestone 80 ft, soft brown ma- 
terial 8 ft, hard limestone 29 ft, 
soft limestone 8 ft...............:. 575 
74|Adolf Vogle............ ves) Uplands... «: -|780+-] 200-- Rock In-bottoms:. 6 oie. .¢ ese 085 dees 530 
Sec. 27, I'p. 78 N., R. [V W. 
FHS We SCOOPS. ss. saee see. Upland......./740+] 220 |Loess 6 ft, yellow clay 20 ft, sand 2 
Sec 8, Tp. 78 N., R. LV W. ft, blue clay 160 ft, sand 28 ft, rock 
at 220 ft, of cream color........... 520 
1 76)Pliny Nicholls .o.2)...0.. 300.1 Upland....... 700--| 867 |White limestone from 220 ft to 350 
Sec 20, Tp. 78 N., R. 1V W, ft, below this a porous brownish 
TOC’ KAS Ace eesti Wel bios istaicloe a ameeiete 480 
¥y7iJohn Gibson.....s.5..fc.al eee Upland....... 730+] 284 |Loess, yellow clay, blue clay with 
Sec. 18, Tp. 78 N., R. 1V W. a layer of sand, 12 ft of “river 
sand’ with shells and a tooth of 
“an animal,” drill stopped on 
TOOK Gata en Salah non ceases tenis 446 
78|Robert Wagner...... ....... Upland....... CTOs | "1'75%0| NOBbI ys GTI fbie werey tale c:cig aainicle « “4 cols. 500 
Sec. 15, Tp. 78 N., R. LV W 
79|/Pred Kirchner...... ........ Upland.,...../7004 | 398 |About 200 ft to rock which was 
Sec. 82, Tp. 78 N., R. LV W. white and hard above, reddish} — 
\ \ and porous below...........1...5-+ 500 
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WELL RECORDS IN MUSCATINE COUNTY—CONTINUED. - 
WILTON TOWNSHIP. 


| o 
| > 
ie) 

ie 
a | ie 
x} LOCATION AND OWNER. SITUATION. 2 | : MATERIALS PENETRATED, S Pe 
2 ples Ee 
= al aes 30 
= 1 @ Ona 
z ala 2 
80| William Boot...........---.-- Plain ........ 710+| 240 |Sand 90 ft, blue clay 100 ft, sand) 
Sec. 9, Tp. 78 N., KR. I W. and gravelii0 ft. (a seen nes 470 
81/Three miles south of Wilton|Plain......... 700+| 300 |Drillers report going down 300 ft 
| and finding no rock (Teeple)..... 400, 
2 Wilton (north part of town)|/Upland....... 700+ 230 |General section, sand and clay 100) 
| ft, sand fine above, coarse below, 
| 130 ft, then there is rock; drift- 
| wood occurs at a depth of 100 ft..| 470 
83 Charles Norton.... . wR Seach Upland ...... 7254-| 113 |Soiland yellow clay 14ft, blue clay 
Sec 13, Tp. 78 N., R. I W. with pebbles 24 ft, sand 2 ft, lime- 
StOneG:23 fle chost ehncee se eaten 612 
84 Wy ROLGRORR oot sae oae.n weds Upland.....-.. 760+; 100 |Yellow and blue dirt 14 ft, brown 
Sec. 13, Tp. 78 N., R. I W. | sand 7 ft, blue clay 68 ft, sand10ft).... 
85|0. W. Colliers.......... .....;Upland....... 760+ 113 |Yellow clay & ft, blue clay 32 ft, 
Sec. 14, Tp. 78 N., R. I W. black hard pan 68 ft, gravel5 ft..| 647 
—| —.- | S| | oS STs os Ss ee 
86)Hans Kai. ................... Upland....... 740+/ 101 /11 ft rock in bottom................. 650 
Sec. 10, Tp. 78 N., R. I W. . 
87|Fred Nolte........... ....-. Upland....... 73941.196" [No FOG. Sh, sae ee 634 
Sec. 15, Tp. 78 N., R. I W. | 
Silsinitis ater se ee \Upland......./770+) 134 |Brown sand 10 ft, blue clay 20 ft,| 
Sec. 15, Tp. 78 N , R. I. W. sand 30 ft, blue clay 40 ft, rock 35 ft; 670 
SOLM AS BGycon: Bac van cael ..JUpland. ...-. 741+ 135 | Yellow clay and sand 20 ft, blue} 
Sec. 27, Tp. 78 N., R. I W. : clay 108 feet, sand 6 ft, then rock.) 606 
90/E Reimers..... pte Le So Upland....... 700+-| 312 |Yellow clay, sand, and gravel 60 
Sec. 2, Tp. 78 N., R. I W. | ft, blue dirt 80 ft, quicksand 60 ft, 
| blue clay 90 feet, coarse river 
| | sand 22 feet, no rock............:.. 
91) Wilton artesian well........ \Low upland.|690 /1480 |Drift 220 ft, limestone 280 ft, shale 
180 feet. limestone 300 ft, sand- 
* StOnRG M20 £6. 2e sais a e eceeee 470 
92|George Wildasin....... rely |Low upland. 710+| ...---| Yellow clay 6 ft, sand 4 ft, ““swamp 
Sec. 12, Tp 78 N., R II W. clay’ with vegetation 4 ft, gray 
stony clay 5 ft, ashy clay and 


SAAG 6 rook: cla ervc >< vein Kae bis vlc elias vice 


Preglacial Topography.—(Plate viii.) A comparison of the 
contours of the preglacial land with the present topography 
shows a partial correspondence between the two. The low- 
lands of the West Liberty plain occupy a low tract on the 
preglacial land surface. Wapsinonoc creek, Mud creek, Mad 
creek, and Pine creek lie in preglacial valleys. But that 
part of the course of the Cedar which runs from northwest to 
southeast, in the north part of the county, comes down from 
an old upland, and that part of the Mississippi which is above 


Pate U Ne are ele S 
v ) : ' 4 
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Muscatine crosses the north end of an old divide. These 
positions of the two great rivers are evidently due to changes 
in drainage brought about by the deposition of the drift. An 
old upland crest extends north and a little east from Wyoming 
Hill. It is continued to the south and east in Illinois. The 
bed of the river is rock-bound for more than forty miles above 
Muscatine, and the valley is comparatively narrow and prac- 
tically without bottom lands. This part of the valley is of 
much more recent making than the buried low lands under 
the West Liberty plain. The deep northeast extension of this 
lowland under Mud creek may have been occupied by some 
great stream in preglacial times, but our present knowledge 
neither warrants nor disproves the supposition that it marks 
an earlier course of the Mississippi. But it is quite evident 
that no such great stream flowed in the present channel of 
the Mississippi previous to the deposition of the drift. The 
drainage from either side of the valley at this place is not 
yet fully adjusted to the present conditions, as is evident 
from the fact that much of the land nearest the river drains 
into the great stream by circuitous routes through smaller 


valleys of evident preglacial existence. The main cause of | 


the change is probably to be sought in some obstruction out- 
side the limits of the county, but the selection of the partic- 
ular course here is most likely due to overflow following the 
line of an earlier, smaller and local stream. The minor pre- 
glacial contours in the region have a decided east and west 
trend. ; 

It is evident that on the whole the glacial work in the 
region has resulted in the reduction of reliefs by partial fill- 
ing of the low tracts. These were the result of long 
continued and effective erosion, compared with which the 
destructive work performed after the making of the first drift 
is insignificant. 
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THE PLEISTOCENE. 


The era of extensive erosion during which the ancient 
reliefs just described were carved out came to an end at the 
advent of the glacial period, during which the country was 
overrun by extensive ice fields at, it seems, three different’ 
times. The eroded terranes appear to have suffered but 
slightly from the ice incursions in this region. The old topog- 
raphy has not been much changed. There was hardly any 
planing of the surface. Noscorings have as yet been observed 
on the bed rock in Muscatine county. On the contrary there 
is evidence that even the less coherent surface accumulations 
in the region were not always disturbed, being rather simply 
buried under the glacial detritus accumulated. 

ANTE-GLACIAL SILT. 

Occurrence.—On top of the bed rock, and under the lower- 
most member of the drift, a silt sometimes appears, associated 
with scant soil beds and loess-like deposits. The best 
instances are seen along that branch of Mud creek which is | 
followed by the Muscatine division of the Burlington, Cedar 
Rapids & Northern railroad, in the north part of Muscatine 
township. The outcrops occur in the bank of the stream not 
far from the north line of the Nw. qr. Nw. + Sec. 26, and also 
in the Ne. qr. Ne 4 Sec. 27, Tp. 77 N., R: II W. At the former 
place it is blue, rather coarse laminated calcareous silt, with’ 
lentils of finer silt and pockets of rusty sand imbedded, 
weathering to yellow or rusty-gray. It appears to be slightly 
disturbed and is overlain by cross-bedded sand and gravel, 
over which there is dark blue till. At the latter place the 
_ following section was seen in the low north bank of the creek. 

: FEET. 
4. Blue silt with ferruginous blotches and oxidized spots 
and streaks, slightly calcareous below............. 14 
3. Dark, loess-like, non-calcareous silt containing flat- 
tened roots or branches of woody plants, and Suc- 
cinea lineata and Pyramidula strigosa iowensis....... $ 
2. Very fine, blue, calcareous laminated silt............. $ 


1. Coarser, calcareous, laminated, blue silt, like that 
seen farther up the creek.............0.c.cecccucee 1 
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The wood in number 3 is gymnospermous. The coal 
measures appear in the bed of the creek immediately below 
this place. Near the junction of this branch with Mad creek 
some silt, similar to number | in the above section is, together 
with some peat, worked into the base of a dark blue till, and 
some distance farther up the stream this dark till gradually 
changes downward into a similar blue silt. In Mud creek the 
same silt is occasionally seen in the same situations under a 
dark bowlder clay in the bed of the creek. The first instance 
noticed is under a high bank on the east side of the creek, 
near the west end of Polk street, in Park Place addition. 
Here it is much contorted, evidently from being overridden 
by the ice which deposited the drift. A few rods farther up 

it appears again in the opposite bank and is partly worked 
into the till and partly graduates into it. Similar exposures 
of it appear in the left bank of the creek near the north line 
of section 24, in Bloomington township, and in the tributary 
coming from the west in the northwest quarter of the same 
section. At the latter place it has plainly been tilted and 
worked by the ice. In that branch of Pappoose creek which 
is crossed by the old Butlerville road, now Russell avenue, 
just east of the center of the east line of section 34, in the 
west part of Muscatine, a thickness of eight feet of the same 
silt appears in the bank of the ravine below the street bridge. 
The surface of the material is of a rusty, gray color, which 
changes to dark blue farther in where the weathering has not 
reached. ‘The coal measures come out close by, south of the 
creek, at a higher level, being there overlain by bowlder elay. 
This indicates that the silt is confined to the lower part of the 
gully. 

In the valley of Sweetland creek this silt is found at a 
place about 100 paces north from the center of the south line 
of section 15, in Sweetland township. In the west bank of 
the stream at this point the following section was exposed. 
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FEET. 
4, Ferruginous, stratified, yellow, pebbly clay resembling 
a terrace deposit.............. Ae tartar carn A Ahn ar PSL 3 
3. Yellow calcareous till (running into No.2)............. 5 
2. Very calcareous bluish till with fragments of wood in 
the lower part, kneaded into No. 1 below........... 2 
1, Finely laminated, calcareous blue silt................. 4 


Close by, to the north from this place, the silt rises twelve 
feet in the bank above the creek. A few feet below its upper 
surface it gradually becomes coarser and at the same time 
blotched, as if weathered, and farthest down, more like a till 
or reddish clay, and containing some pebbles. The bed rock 
rises above the level of the uppermost part of the section 
close to the north. | 

A similar deposit is seen under the wagon road bridge, and 
north of it near the mouth of the small. creek which comes 
down to the river on the east of Wyoming hill, a mile and a 
half west of Fairport. At this place some of the layers are 
almost black, and it is cut by conspicuous straight joints. 

In the northeast corner of section 34, in Sweetland town- 
ship, below the old Hanson quarry, in the west bank of the 
creek, there is a section of blue silt and loess-like materia] so 
like the one seen in the lower west branch of Mad creek that 
there can be no doubt that the two represent identical condi- 
tions. It is as follows: 


FEET 
6. Bowlder clay, pebbly and somewhat stratified........ 2 
DS.) SUPA HLASABANE Th5 Voce braie's oh tig t ithe cha eee ere ai etee beet 14 
Sie Wine sun chLuOUSHsi s:, elses ema atcte memerNen aoe yeu ean 13 
3. Blue, loess-like material with vertical, cylindrical, | 


ferruginous impregnations, three inches in diame- 
ter and less, resembling the ‘ pipes’? common in 
Some phases; OL loess: i.e aaa eitnce pode ee Salle eae ieee 3 
2. Dark, mucky, slightly effervescing silt, with imbedded, 
flattened roots and twigs of gymnospermous woody 
plants and with thin and very fragile shells of 
pulmonates resembling those seen in No. 3 in the 
section’ north of Muscatine:. No.2 es2.en oe se eee 4 
1. Blue, mottled, laminated silt like that seen on Sweet- 
land creek, extending below the bed of the creek.. 2 (?) 


> 
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Still another instance of this silt occurs in Sulphur branch, 
just above the last outcrops of coal measure shale north of 
the south line of section 1 in Montpelier township. ‘It is dark 
blue, with a few scattered sand grains, and contains vertical, 
eylindric impregnations of iron oxide. Over it there is a dark, 
mucky layer with fragments of wood, and this is overlain 
by bowlder clay. In one place it was seen to be cut by a 
nearly vertical vein, four inches wide, of a sandy till con- 
nected with the till above. 

Probable origin.—It will be noticed that in each one of the 
above described localities the bed rock appears close by, 


- usually not more than two or three rods away. In all but two 


places the formation les in preglacial valleys now partially 
filled with drift. In four cases’ it is seen to be overlain by 
the lowermost drift known in the region presently to be 
described. For the most part it is calcareous and frequently 
it is plainly water bedded. Sometimes it graduates into drift. 
At other times it is disturbed by glacial action and partly 
worked into the bowlder-bearing drift. In four places it con- 
tains a layer that resembles a marshy soil, with plants, snail 


‘shells and some peaty material. Of the snails, which have’ 


been examined and identified by Professor Shimek, Pyramid- 
ula strigosa towensis Pilsbry is regarded as a form now 
extinet and Succinea lineata W. G. B. is noted as ‘‘ very com- 
mon in dry regions to-day from Upper Missouri to the high- 
lands below Natchez, in Mississippi.’’ Both are well known 
species from the loess. The imbedded plants are flattened 
roots or branches, a half inch and less in diameter. All that 
have been examined show the pitted tracheid tissue of gym- 
nosperms. North of Muscatine, and in the west branch of 
Pine creek, the shell and the plant remains lie imbedded in a 
thin layer resting on laminated silt and succeeded above by 
loess-like material. On Pine creek this is again capped by 
water-bedded silt. 


28 G Rep 
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It seems most likely that this silt and loess accumulated in 
front of the margin of the first ice field. The prevailing cal- 
careous nature of the thin-bedded silts indicates such a source. 
The plainly marked lamination of these shows that their 
deposition was comparatively rapid. In a region of deep 
reliefs, such as this was at the advent of the first ice, the 
drainage must have been frequently ponded up against the ice 
in many of the preglacial valleys. The drainage from the 
margins of the ice must have brought large quantities of cal- 
careous silt into these ponds, and this would be confined to 
the valleys alone. Mud flats might form in this way, on 
which plants and snails may have found a temporary hadvitat. 
Occasionally loess-like wind drift might also accumulate in 
‘such situations. The advancing ice may later have overrun 
and disturbed such deposits, plowing them up and mixing 
them with drift in some places, and at other places leaving 
them undisturbed in the positions in which they are now found. 
The presence of gymnospermous vegetation indicates at any 
rate that boreal climatic conditions were not far off when 
these deposits were formed. Possibly a part of them may be 
preglacial loess. 

GLACIAL DEPOSITS. 


General observations.—The main deposit of the drift is the 
glacial bowlder clay. In Muscatine county this. occurs in 
three different phases which are known as pre-Kansan, Kan- 
san and Illinoian, the two former being separated by the 
Aftonian gravel (forest and soil beds?), and the two latter by 
the Buchanan gravel and the Yarmouth soil and leached 
horizon. The field relations of these members of the drift 
can be best set forth in describing some typical sections from 
the border of the region of the deep drift. 

In the bluff in the west part of the city of Muscatine, at 
the crossing of Main and Third streets, some excavations 
have lately been made that expose a nearly vertical wall of 
drift, not far from seventy feet high. The section is about as 
follows: 


6 


' 
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FEET 
6.0 Laoessi(in the slope: above) i csu'. cel cles ales cle sees oak s 2-10 
5. Yellow till with white powdery, disintegrated, cal- 
careous concretions in the upper part ([llinoian). 15 


4. Yellow sand with some gravel (Buchanan?)......... 

3. Blue till, apparently somewhat disturbed, with a net- 
work of wide, oxidized joints, and with some 
pockets of sand extending down from above 
(Kansan). ids. lt. Re ein oR Gach Nel rine a 10 

2. Sand and gravel, mostly rusty red, occasionally with 
layers standing at angles considerably exceed- 
ing 40° from the horizontal, contorted and faulted 
(Atom La RS ACE Csr re terisee abba ncrade Beco Vai ciatatateh come 14 

1, A dark blue till with bits of gymnospermous wood, 
changing downward intoa dark silt and associated 
with peaty material (pre-Kansan) . 


Number 5, in the above, appears again on the grounds 
opposite the Catholic church farther up in the bluff, where its 
caleareous concretions occasionally contain gravel and sand, 
appearing like mortar rock. At the present stage in the 
excavation below it is seen to run out as a lens in the west 
end of the hill. Number 3 is the most conspicuous part of the 
wall in the excavation. Number 1 is not well exposed at 
present and can only be seen when the rubbish below is 
cleared away. A well just below this place is reported to 
have penetrated twenty feet of ‘‘dark clay and muck.” 
The top of this well is on a level with the floor of the excava- 


tion. 
At the place where Lowe’s run leaves the uplands in the 


Ne. qr. See. 8, Tp. 77 N., R. Il W., Fruitland township, this 
stream is at present cutting under a bluff in the right bank 
and has laid bare the following section: 


. FEET. 
6. Yellow and blue till cut by vertical oxidized joints, 
with aferretto zone and decayed granite bowlders 
above and witha horizontal sharply defined base 
(CISTI sateen care ceet ease ace auths Sh stowots a tne lous cro ouesete:' 6 30 
5. Fine ferruginous sand (Aftonian?)................... t 
4, Alternating bands of yellow and white cross-bedded 
sand (Attontane). Wess s/s a0 tists AS ae TAR SIR NOR cites 8 
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FEET. 
3. Pebbly, light gray or yellow, cross-bedded sand and 
gravel (Adtoniant) Wisp sasiiencm ites ee se ete 34 
2. Fine ferruginous silt (Aftonian?)..............0-.00% $ 


1. Dark, almost black, homogeneous bowlder clay, with 
bits of gymnospermous wood, limestone and green- 
stone pebbles and occasional pockets of yellow 
sand (pre-Kansan) Kate Lraaphenohverds iste saretaid ieterer eben ehetags 7 


The top of number 1 in this section is a horizontal plane, 
except at certain places where numbers 2 and 3 make some 
abrupt and pocket-like detours down into it. Its lower part 
is almost a pebbleless silt at one point. Numbers 2, 3, 4 and 
5, though some of them are very thin, remain, nevertheless, 
persistent for the whole exposure. Number 6 is in one place 
almost as dark as the lowermost member and quite like it in 
texture. In the slope above the top of number 5 there is 
some more till rather more sandy. This may possibly rep- 
resent the Illinoian. The same drifts are seen at the bluff in 
the left bank of Kincaid’s run, two-thirds of a mile farther 
west. oi ae 

SECTION IN KINCAID’S RUN. 


FEET. 
oy NYellow;, sandye till (Uilinoran?)iP ie tae kee hei meee 12 
4, Stratified ferruginous gravel and till (Buchanan or 
NANI Owbt HP) ee ye co eee Mire eed aac ee Wea Dee aA 3 
3. Yellow and light blue bowlder clay with white chert, 
leached for two feet at top (Kansan)................ 18 
2. Ferruginous sand and silty’ material.................. 3 (?) 


1. Dark, almost black till, weathering rapidly to brown, 
silt-like at one point, with straight joints and some 
pockets of sand and gravel extending down from 
the number above, otherwise having a straight 

' plane for its upper surface (pre-Kansan)........... 2 


Farther up in this creek there is an excavation in the right 
bluff where a bowlder clay, which is equivalent to number 3 
in the above section, terminates above in a leached gray zone 
two feet high, on which there rests a calcareous and more 
sandy till twelve feet thick. Just above this place a gravel, 
which appears to be equivalent to number 2 above, is more 
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than twelve feet thick and is changed into a mortar rock by 
the infiltration of a calcareous matrix. The section last given 
is almost exactly duplicated in the south bank of the stream, 
something more than a mile above this place, near the cross- 
roads in the Se. qr. of See. 36 Tp. 77 N., R. III W. 

In the margin of the deep drift, where it runs up on the 
higher bed rock, there thus appear, nearly complete at four 
places, the same successive phases of drift, viz.: . 

6, Loess. 

5. Yellow till, somewhat sandy......0....0.0..0.05 Tllinoian. 


4, Sand, stratified till, or a leached horizon........ 
ARN ak SBME RSIS NS Me AIRS Buchanan and Yarmouth. 


3. Yellow and blue till, the main bowlder clay..... Kansan. 
2. Sand and gravel, sometimes cemented.......... Aftonian. 
DSA Dak titles worn ss scarab 2 ser aveselei arse crelatacielh Brom oie pre-Kansan. 


The exposure on Main street in Muscatine has been 
examined by Calvin, Leverett and Bain, who have identified 
the several drifts as indicated. In the study of the drifts in 
the ravines farther west the author has had the advice of Dr. 
Calvin, with whom he had the privilege of examining these 
places a second time. It seems that the nature of these sec- 
tions, aS well as the general features of the drift throughout 
the county, are in full accord with the theory of a multiple 
drift, even if this region cannot be regarded as furnishing any 
important part of the general evidence on which the diyisions 
‘of the drift have been established, and these divisions are 
here adopted as furnishing the most satisfactory point of view 
in a description of the drift in the county. 

Drift pebbles.—It will be perceived that the locality offers 
good opportunities for comparative observations on the 
character of the three bowlder clays. In course of the work 
a study of the pebbles in each has been made, which may be 
worth recording. One hundred pebbles, ranging in size from 
one-fourth to one-half an inch in diameter, were collected at 
two points from each drift, care being taken that no selection 
of any kind should be made except as to size. Notes were 


ge ae 5 ALS: Ye 
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taken as to the nature of the rock from which the pebbles 


were derived, and as to the extent to which they were 


rounded, scored and polished. These observations were tab- 
ulated and the results expressed in percentages for each of 


the drifts as below: 


Percentages of Different Rocks among the Pebbles in the Three Bowlder Clays 0 
Muscatine Cownty. 


PRE-KANSAN.| KANSAN ILLINOIAN. 
si gO RO Wer oO 
Bl ott cde eeaet CnC ae 
\ 2 cia 2 ers y oO ° ~N. 
: ‘ ® & BROW 5 fe) ego) 
KINDS OF ROCKS. z 5 TRE Banari 
iS = Se | Say Coe) eee) 
3 Nd ss s do : & § Ss 5 
g ga) es jees| a5) 93 
BP | 2k) 2 |oon| oS | pa 
ce ica ica Ey ica Fy 
Limestone (not dolomitic) .............. 38 39 28 29 3 7 
CHEPERT ARIA nae oe eteatea aiore cee ate 11 ii 12 5 9 8 
Limestone (red, decayed) iiccpth tees cle Atel malsiniere Ni lenaere oles Beta yn AL 4 
C@herti(Oolitiey srr. timiae cote eae eerso ae hae fists 6 Ha iessi aie Bet tataltre aia Sak Nek oe ele 
Dolomite (Niagara). eta cs omeione 3 i 3 16 60 56 
Sandstone (coal measures)..............|-0-000% i: 3 Ah eet 1 
Clay-ironstone (coal measures) ..........|...... Mee 3. ates Pe aio iL 2 
Sand (in paste of limonite, Pine creek 
GONGTOMERRES?) = Aes ola oresuenerh oaecate sits age. ate het eeeereers ke Fiend eae aoe it 3 
Pyrites (coal measurés))........ ces. s. he inh Le eae taecterpet cnn -eYe | eRe nas om See 
SLOT N Gos Rc ec ricer te Pre aN Senne eal ene Ais aa 2 NIE eiRcea ensabeed al Sox are ae 
Quan bZxWanlte) ~ Me ecieser secs + cites 8 8 12 8 6 5 
Greenstonwe se Boe eek cee So es 15 10 10 8 4 5 
QUarpezibar> We wrasne cess based es Ge ee me 4 6 13 1 4 
Gran iten(Ped) Bi nah. «We. edetvidactad cake ell nshe oie 2 3 5 2 1 
Granitextwhite) i caoctiats «ates ne ate 4 3 4 ;2 3) 2 
DINDABCE nou toc Unie at Ae eee ee ener af 38 1 12 4 | 2 
Melsite (black) fon) ke ower eee Bin | years oy 5 Shes ie veireelaecrniere 
Schist (MICACeCOUS). te Geek eee kee 4 2 4 Ashore A 
Chia Cedon yertncarsicerent eels sites eid ee 2 A iN aan cote ter cecegel tone eee, 
Morn blende rock -: se sscac. nese AB alistoe tere eae Auten | eens tera le Sema ty oe 
SLALEMDIAGE wepcadent cats eee eco es Beaters DS arouse acai es bs eh 
MASPOL A Mist eloaelers Bae Lage Oe teres Ma ttactas Sencha tres ct ehpete een Laas ace eS Seat 


Mechanical Character of Pebbles from the Three Bowlder Clays in Muscatine County. 


Per cent of rounded pebbles 
Per cent of scored pebbles 


ON See. 0. 8 27028 0) piel eve le delefevee e 01.0'.0) eve el ee saver em etatele 
nl 9) O'S, Ole ssi9' Ka, ag (6, aloe lel = jeune, eLe)s s.8)8| piers) opie cere lene mia 
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d ae 

s | als 

Si=9 | Suliows 
om) 9 As 
nt ae 

Ay Ma 
tote) Daas OTe) 
epee eated 8 
13 | 10 2 


PRE-KANSAN TILL. 3388 


It will be noticed that as to kinds of rocks represented the 
Illlinoian drift differs most markedly from the other two, 
which are in this regard quite alike. Dolomitic limestone is 
much more frequent in the uppermost drift than in the other 
two. This dolomite is mostly Niagara limestone. In the two 
lower bowlder clays the limestone pebbles are nearly all non- 
magnesian, of a dull white appearance. The rock does not 
resemble the Cedar Valley limestone. Chert and greenstone 
are more frequent in the two lower drifts. As to mechanical: 
characters it will be observed that scored, well-rounded and 
polished pebbles are least common in’ the upper drift. 
Rounded pebbles are most frequent in the middle drift, and 
the scored and polished ones in the lower. The great number 
of dolomitie white pebbles in the Illinoian is apt to give the 
impression that scored pebbles are particularly frequent in 
this drift, but this does not appear to be corroborated by a 
crucial examination of fragments of the size used in this case. 
For evident reasons different kinds of rock have not been 
affected to the same extent by these mechanical processes. , 
This is well illustrated in the table below, and from the same 
observations as the previous one. It seems that the difference 


_as to scoring may be partly accounted for by the variations 


of the proportions of the frequency of different rocks: 


Mechanical Character of Drift Pebbles of Different Kinds of Rocks. 


PER CENT OF WELL- PER CENT OF SCORED PER CENT OF POLISHED 


ROUNDED PEBBLES OF— PEBBLES OF — PEBBLES OF— 
*Black felsite........ 71 || Greenstone ......... 25, || *Black felsite >...... 55 
Greenstone®........... 49 || Limestone .......... 18 || White quartz........ 22 
White quartz........ 48 || Dolomitic limestone.| 6 |} Limestone.......... 18 
limestone 2.8025. Ade HET ADAG kisi ere eth wie Ope MOV Desk clot. ch a os ace 15 
Ouantzibe oa... ehos 28 || Quartz (all kinds)...| 2 || Greenstone.......... 4 
Dolomitic limestone .| 27:|| Granite............. 1 

CGhertorse Sk oe 20 


*The persistent rounding and polishing of the black felsite pebbles, as well as the absence 
of scorings on them, suggests that these are derived from some water-laid gravel or conglom- 
erate. 


The pre-kansan Till.—This is the designation given by Bain 
to a bowlder clay which lies under the Kansan near Afton, in 
Union county. It isseparated from the latter by the Aftonian 
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gravel. There can hardly be any doubt that this drift in 
Union county and the lowermost dark drift in this county are 
identical. Their general appearance and their relation to the 
overlying beds are alike and the same. In this county the 
pre-Kansan drift is compact and rather tough when not 
weathered, not particularly hard, but rather floury when dry, 
almost black, but somewhat rapidly changing color on 
exposure to the air, usually without conspicuous joints, and 
containing frequent fragments of gymnospermous wood. In 
Union county, as well as here, it is associated with silt and 
loess-like deposits, and there are indications of peaty deposits 
above it. Besides occurring west of Muscatine, it has been 
noticed in some places along Mad creek, and perhaps in one 
place on Sweetland, and at one point on Sulphur branch. If 
it represents the product of a separate ice period it is quite 
natural that it should be found sparingly in low places in a 
region where the abrasive work of the Kansan ice was slight. 
Such seems to be its situation in this county. It is repre- 
sented by number 1, in each of the preceding typical sections. 

Aftonian Gravel.—This formation was first described by 
Professor Chamberlin. In the sections given above it is rep- 
resented by number 2 on Main street, in Muscatine, by 
numbers 2, 3, 4 and ‘5 in Lowe’s run, and by number 2 in Kin- 
eaid’s run. Itis believed to be the main water sand in the 
wells in Lake township, lying most commonly about a hundred 
feet below the surface, and frequently coming out in the base 
of the bluff west of Muscatine for a distance of four or five 
miles, where it gives rise to numerous and copious springs. 
In the east half of section 6, in Fruitland township, it is at 
one place about twelve feet deep and consists of sand, gravel 
and some bowlders. In Kineaid’s run it is at one place 
cemented by a strong calcareous matrix. At the center of 
the west line of section 34, in Sweetland township (Tp. 77 N., 
R. I W.), and close by a small bridge, there is a fine sand or 
loose sandstone of a peculiar twisted structure. This Calvin 
is inclined to regard as Aftonian. It lies under Kansan drift, 
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being exposed for only about a rod square. Part of it is fine 
and part of it coarse and gravelly. Mica scales are common 
in the finer layers. It is cut by rather conspicuous straight 
joints. In three lots of pebbles from these Aftonian gravels, 
yellow chert, greenstone, white quartz and red granite were 
the prevailing rocks. These sands and gravels may represent 
an interglacial interval. They are quite well worn and 
sorted. | 

Kansan Till.—This drift sometimes changes downward by 
gradual transition into the pre-Kansan, but more often it is 
separated from the latter by the Aftonian. Most commonly 
it rests on bed rock, ranging in the east part of the county 
from nothing to 100 feet in thickness and changing from a 
- blue color below to yellow above, where it is frequently 
leached to a depth of six feet and has a ferretto zone or 
soil layer. Usually it is cut by irregular joints, which are 
made more conspicuous by weathering. When dry it is usu- 
ally very hard where unweathered. Frequent greenstone 
bowlders are regarded as one of its characteristic features, as 
also a species of decayed granite bowlders in weathered 
. exposures. In such places fragments of yellow chert are 
usually conspicuous. This till is represented by number 3 in 
the Muscatine section on Main street, by number 6.in Lowe’s 
run, and by number 3 in Kincaid’s run. In the Muscatine 
bluff, west of these places, it is believed to rise from fifty to 
100 feet above the Aftonian gravel, frequently underlying the 
loess. It is the main till, nearly everywhere the principal, 
exceptions being found in southern Cedar township and at 
- East hill in Muscatine. West and north of the West Liberty 
plain it underlies the loess everywhere, but east of the Cedar 
it is frequently separated from the loess by the much thinner 
till of the Illinoian stage. This drift has so frequently been 
described that a further account of it in this place seems 
unnecessary. 

Buchanan gravel and Yarmouth soil.—Calvin has described 
some gravels in Buchanan county which were formed in con- 
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nection with the disappearance of the Kansan ice, and Lev-. 


erett has discovered a leached horizon with an ancient soil 
underlying the Illinoian in Des Moines county. Both for- 
mations may be said to belong to the intervai between these 
two drifts. The Buchanan represents the gravel-forming 
period marking the close of the Kansan, and is accordingly 
but a phase of the latter. The, Yarmouth represents the 
interval between the close of the Kansan and the oncoming 
of the Illinoian. The gravels seen to be rare in this county. 
Number 4, in the Main street section, is one of the few 
instances of its presence. Some gravel underlying a cal- 
careous till in a railroad cut near the county line, about three 
miles west of Stockton, may belong here. A leached horizon, 
the Yarmouth, at the top of the Kansan is more frequently in 
evidence, as will be remembered from the drift sections given. 
In the road which runs up on the bluff near the center of sec- 
tion 6, in Fruitland township, a similar dividing zone is found 
in connection with some sand and gravel as indicated below: 


SUCCESSION OF DRIFT DEPOSITS NEAR CENTER OF SECTION 6, IN 
FRUITLAND TOWNSHIP. 


FEET. 

7. Loess, somewhat calcareous, rising with the slope 

BDOVE re seen aes els Meran ORO Raa is Cnr ce: 10 
6. Yellow, very calcareous till with mostly dolomitic 

pebbles: \(Milinoiany plein Vancateek eee tale an nwa ee Test 
do. ,Leached, dark sandy clay (Yarmouth?)..../........4. 2 
4, Gray leachedisand (Buchanan?) \ve,. scske ee says eee 3 
3. Yellow ferruginous sand (Buchanan?) ................ 5 
2. Blue and yellow till with well marked ferruginous 


joints, chert fragments and greenstone pebbles 
(Kiaisan jane Ae pes rccrch ee ctateenrairs mac Ueteey aad mean fae ieadton 95 
1. Concealed (springs from Aftonian gravel not far off).. 


Illinoian Till.— After the interval which is recorded in the 
deposition of the Buchanan graveland in the formation of the 
Yarmouth soil and leached surface there was an ice incursion 
from the east, depositing drift material in Scott, Muscatine, 
Louisa, Des Moines and Lee counties in this state, and over 
the greater part of the state of Illinois. It was first recog- 


<i ge 
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nized as a distinct drift by Leverett, who has called it the 
Illinoian, and who has traced its boundary through Illinois, 
Iowa and Missouri. It differs from the Kansan in being some- 
what less leached, and in having a topography not quite as 
old, in presenting a fresher appearance, in containing a larger 
proportion of bowlders of Keweenawan rock and in having (in 
this county) many dolomitic limestone pebbles. It is believed 
to have occasional erratics of a conglomerate known to occur 
on the east shore of Lake Huron, and copper nuggets are also 
supposed to be more frequent in this drift. than in the 
Kansan. 

In Muscatine county the Illinoian drift has not reached any 
great development. It seems to occur only in separate areas 
on the Illinoian drift plain, where undoubted exposures of 
Kansan till underlying the loess are very common. The 
terminal moraine which should cross the county from north- 
east to southwest is nowhere well marked, unless it be in the 
south part of Cedar township. From indications of the topog- 
raphy the principal marginal accumulations of this ice field 
have been made out to follow in the main the divide between 


the Cedar river drainage and the drainage of the Mississippi, 


excepting in Cedar township, where it comes out to the south- 
west approaching the Cedar river. Along the course of the 


. divide there are occasionally low and wide swells of land rising 


slightly above the general level, and also some small, 
undrained ponds, usually covering a fraction of an acre of 
ground. Such ponds are seen in sections 33, 34 and 35 in 
Cedar township, 2, 3, 15 and 22 in Seventy-Six township, in 29 
and 32 in Hast Lake township, in 10, 11, 13, 15 and 16 in 
Bloomington township, and in section 4 in Sweetland. The 
topography indicates, however, that the Illinoian drift does 
not terminate with this limit, but that there are small extra- 
marginal accumulations as far out as to the bluffs of the 
Cedar river and to the Mud creek valley. The presence of 
loess and sand renders a definite determination of the locus 


mA 
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of the Illinoian border very unsatisfactory, if not quite 
impossible. 

Some occurrences of this till have already been described 
in the typical sections west of Muscatine, and these may be 
passed by here. It is well exposed in East Hill, where several 
streets are graded down into it. The greatest thickness is 
seen in the clay pits of the brickyards on either side of 
Second street. Farther down in the face of these excavations 
there is a calcareous blue silt with alternating layers of fine 
sand. Thissilt is taken out for the manufacture of brick, and 
a thickness of ten feet is often exposed in the bank. It is 
calcareous and for the most part finely laminated. Some of the 
coarser layers are ripple-bedded. In one place its upper 
surface appeared as if worked into the till above. This till 
varies from eight to fifteen feet in thickness and is all Tlli- 
noian. It is grayish-blue in color below and yellow above, 
and contains numerous pebbles of dolomitic limestone and 
bowlders of Keweenawan eruptives. The upper unleached 
surface of this till is covered by a sand of apparently the 


same age, for it contains occasional striated pebbles and 
bowlders of the same rocks and of the same general appear- 


ance as those in the bowlder clay. In two feet this sand 
changes upward into coarse and stratified loess which, in its 
turn, is succeeded by typical yellow floury loess of a finer 
erain. The author believes that the lower calcareous silt at 
this place is a deposit formed in some marginal glacial water, 
subsequently overrun by the ice containing the bowlder clay 
which now lies above it, and that the bowlder bearing sand 
which rests on this till was a contemporaneous deposit, either 
on the till or on the ice itself, at some stage of its disappear- 
ance from this region, 

Some twenty rods east of the center of section 24 in Bloom- 
ington township, in the south bank of the railroad cut, a 
fresh looking till appears, which is caleareous to within two 
feet of its upper surface, where there is a slight ferretto 
zone under the base of the loess. To the south of the creek, 
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which is here followed by the railroad, the land rises in a low 
and broad loess-covered ridge running parallel with the creek 
and suggesting an underlying deposit of the same till. The 
Illinoian already noticed in the bluff near the center of sec- 
tion 6, in Fruitland township, is connected with a similar top- 
ographic feature, for close by to the west there is a ridge 
running a little west of south. Superficially this ridge con- 
sists of loess, below which there is sand with some pebbles 
and bowlders. This ridge is certainly built by some con- 
structive agency and not a result of erosion. 

In the southwest quarter of section 32, in Cedar township, 
_ the river cuts into the east bluff, which is here made up of the 
swell supposed to represent the terminal moraine of the 
Illinoian ice lobe. The till is dark and blue below, cut by some- 
what weathered joints of a peculiar clustered arrangement 
and appearing quite unlike the weathered joints in the 
- Kansan. The entire bluff, a hundred feet in height, consists 
of this till, capped by loess. The bowlders which it contains 
are frequently planed and more fresh in appearance than 
those of the Kansan till. Chert is somewhat scarce and there 
is a greater proportion of Keweenawan material, such as 
agate nodules, diabase, red slaty sandstone and gabbro. 
Bowlders and pebbles of limestone are common. On approach- 
ing the county line this till somewhat suddenly becomes sandy, 
- which fact perhaps may be looked upon as corroborating the 
topographic evidence of the existence of a drainage course on 
the Illinoian ice from the east, following a depression across 
the upland from the Mississippi to the Cedar, just south of the 
- county line. 
A yellow till, leached for about three feet down from its 
- upper surface, is seen under ‘the loess in a road grading near 
the center of the south line of the southeast quarter of sec- 
tion 28, in Bloomington township. Judging by its appearance 
and its pebbles it is probably to be referred to the I[llinoian. 

The places enumerated here are not supposed to be all the 
localities of exposures of this till, but they appear to be the 
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most important ones. In the region of Pine creek this till 
seems to beabsent, as also in Sweetland creek valley, leaving 
the Kansan topography unmodified. 

The small development of the Illinoian till and the absence 
of a well defined terminal moraine in this county seems to be 
due to two causes. Coming from the southeast, as the ice 
must have done if its motion was normal to a perpendicular 
to its margin, there was a tract of high land present to 
obstruct its progress in the west end of Rock Island county, 
in Illinois, and in the southeast part of Sweetland township 
on this side of the river. In the basin of Pine creek there 1S, 
as just stated, a total absence of Illinoian drift. The high 
land to the south may have retarded the flow in this direction 
and prevented it from bringing in much of its drift. Another 
circumstance which may have contributed in reducing the 
quantity of the drift from this ice is to be inferred from the 
conditions indicated for an efficient marginal drainage and 
ready ablation of this segment of the ice lobe. Mr. Leverett 
has shown that at the time of the maximum development of 
the Illinoian ice’ the waters of the Mississippi most probably 
followed the Mud creek swale from the Wapsipinicon south 
of Dixon, past Durant and Wilton, to Moscow, at which place 
it emerged on the low lands of West Liberty plain. The 
great river thus followed closely the margin of the ice, 


rendering the removal of drift uncovered by ablation of the — 


marginal ice easy and prompt. Part of what might, under 
different circumstances, have formed a marked terminal 
moraine may therefore be deposited under the West Liberty 
plain. 
Evidence of such ablation is not wanting. In an excavation 
made by the Chicago, Rock Island & Pacific railroad, near the 
west line of section 5, in Fulton township, the loess rests on 
sand and gravel, associated with what appears to be some 
Iilinoian till. This gravel consists of more than 80 per cent of 
Devonian limestone, the lower fossil-bearing beds being repre- 
sented as well as the unfossiliferous brecciated beds. It is a 
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erush gravel, formed most likely in the iceor under it. Some 
pebbles were left in situ in the process of breaking, other 
stronger fragments being forced into them. This gravel can- 
not have been transported any great distance. In such case 
it would be found mixed with a greater quantity of other drift 
material from other localities. The only place from which it 
seems likely that Devonian rock of this kind can have come is 
to the southeast (see chart on preglacial topography), where 
ledges of the kind.represented come up to an unusual height. 
In all probability transportation by the ice was to the north- 
west. The presence of the gravel indicates a removal of finer 
material of the drift, and this would naturally be taken in the 
same direction. A mile anda half east of Stockton, on the 
same road, another excavation, newly made at the time of 
observation, exhibited highly tilted beds of silt and sand and 
gravel ten feet high under loess. These materials constitute 
apparently the central body of a long, low and flat ridge run- 
ning northwest-southeast, indicating a drainage line on the 
ice having the same direction as in the previous instance. 
Near the center of Sec. 8, Tp. 77 N., R. II W., where a 
branch of Chicken creek crosses the road running east and 
west, there is seen under the loess on the east side of the 
bridge, a deposit of coarse, stratified ferruginous sand several 
feet deep. This may possibly belong here, for it appears to be 
replaced on the west side of the ravine by a sandy till some- 
what stratified, and not unlike the Lllinoian. 
A yellow sand is very generally present under the loess 
over the outer slope of the Illinoian drift plain. It varies in 
thickness from a mere streak to ten feet and more. In the 
southern part of Moscow township, south of Little Musketo 
creek, in the northwest part of Bloomington township, in 
Lake township, in the northwest part of Seventy-Six township, 
and in Cedar township a similar sand frequently forms a large 
part of low, flat, loess-covered ridges which extend out radi- 
ally to the margin of the drift plain as previously described. 
Superficially some resemble the paha described by McGee, 
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but the genesis and structure are wholly different. A few of 
these ridges have been lately modified by wind action. It is 
believed that some, if not most of them, may have been pro- 
duced by drainage lines on the Illinoian ice, which very 
likely at some time extended out of the bordering low lands. 
Such an explanation of them is suggested not only by the topog- 
raphy, but also by the fact that the sand occasionally con- 
tains pebbles and small bowlders, as has been observed on 
section 1, in Seventy-Six, and on section 12, in Lake township. 
Occasionally they consist of clay and sand, so placed that an 
open well may have one wall in the coarse and the other in 
the fine material. In fact they appear to have a structure 
akin to that seen in the ridge east of Stockton. The high 
slope of the silt beds in that ridge plainly indicates tilting 
after deposition. To account for such tilting we may regard 
the ridges as accumulations along drainage lines on the sur- 
face of the ice. They may have been augmented by wind 
action at the time of making or afterward. As the ice melted 
away the beds settled down to their present altitude, forming 
disconnected low ridges trending in the direction of the drain- 
age lines. One of these ridges follows, like a typical osar, 
the present course of a stream. It is the one already referred 
to in the description of the topography as having been 
observed near the north line of section 14, in Cedar township, 
following a creek on its north side. It is about twenty feet 
high and ten rods wide, with a chain of small undrained 
ponds on the north side, and consists of sand, occasionally 
mixed with clay. Between these ridges or wide swells there 
are flat and low stretches of land from one-fourth to one-half 
a mile wide. In the absence of exposures it cannot be made 
out, whether all these swells consist of Illinoian drift or 
whether some represent old Kansan divides, and the interven- 
ing flat lands are in old valleys between, which have been 
filled with overwash from the Illinoian ice. In either case the 
topography here at times indicates the presence of some 
drift which is later than the Kansan, and most likely pro- 
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duced by drainage from the outer margin of the Illinoian ice. 
Attention has already been called to the fact that this drift 
was not sufficient in quantity to fill the inequalities of the 
topography of the Kansan and impress the land with a topog- 


raphy of its own. At the vanishing of the ice itself the old 


valleys naturally determined the new drainage. Along the 
course of the Pine creek, Sweetland creek and Mad creek, 


which had deeper valleys than the other streams, there 


seems to have taken place at this time a deposition of various 
materials such as gravel, stratified, sandy bowlder clay, sand | 
and fine laminated silt that deserve special notice. It may be 
that part of them were formed earlier and really represent 
the IlHnoian drift, and it is possible that some have a later 
date than this and should not be referred to this stage at all. 

An instance of this kind is the stratified bowlder clay men- 
tioned in describing the ante-glacial silt as occurring near the 
south line of section 19, in Sweetland township. It forms an 
ill-defined terrace on the west side of the creek. In See. 26, 
Tp. 78 N., R. I W., there is a well-defined terrace from 
fifteen to twenty feet higher than the bottom land of the 
ereek. It follows the west branch of Pine creek for nearly a 
mile, varying in width up to at least twenty rods. In some 
places the material of this terrace is yellow stratified sand, 
and in other places it consists of fresh looking calcareous till, 
faintly stratified. This till, as well as the yellow sand, runs 
upward into loess which forms a capping from three to five 
feet thick over most of the whole terrace. Similar imper- 
feetly defined terraces appear in section 2, in Sweetland town- 
ship, along the same ereek. In the lower valley of Pine 
creek there are several remnants of a terrace rising generally 
twenty-five or thirty feet above the bed of the creek. Near 
Pine Creek mills, on the east side of the stream, the upper 
part of this terrace consists of fine laminated, purplish-brown 
silt, which contains calcareous nodules. It is overlain by 
loess and the separation, between the two is trenchantly 
marked. Farther down the whole terrace is well exposed in 
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the right banks of the creek. In the bed of the stream at 
this point the coal measures appear, rising some twelve feet 
from the creek bed. On top of this there is five feet of clayey 
gravel, then a foot of yellow silt, and above this about seven 
feet of alternating layers of yellow and red silt. Part of the 
latter is exceedingly fine and unctuous. Some rods to the 
west this fine silt is overlain by porous loess. The same silt 
oecurs in the same relation to the loess half a mile to the 
south. At each point these materials contain pebbles of the 
Niagara dolomite, in that respect resembling the Illinoian 
drift, which otherwise is conspicuously absent. It is also 
highly calcareous. 

Along Mad creek, in Muscatine, there is a terrace of similar 
structure. A spur of it is cut across by the Burlington, 
Cedar Rapids & Northern railroad, close by Eighth street, at 
which place its upper part consists of a finely laminated, 
highly calcareous, red or blue silt, with numerous calcareous 


nodules. Hight feet from its upper surface there are some 
coarse Seams which contain pebbles of Niagara limestone. In 


the east bluff of the creek, on Ninth street, a thin sheet of 
loess rests on a laminated sand twelve feet deep. In the 
upper part of this sand there are several pebbly seams con- 
taining material mostly from the Niagara limestone. This 
sand apparently replaces the Illinoian drift, which is seen 
associated with a little of the fine silt on the opposite side of 
the creek. In Park Place addition the same fine dark silt of 
the terrace occurs on both sides of the creek. Where not 
covered by loess it forms a tough, impervious soil. It has 
recently been exposed by grading just east of the Muscatine 
Pickle works. Another most interesting occurrence of it is in 
a small ravine opposite Fourth street in East Hill. At this 
place it changes downward into Illinoian till, which is slightly 
stratified, and it is abruptly succeeded on the brow of the hill 
by typical porous loess. On the opposite side of the ravine 
there is more till and less silt, but otherwise the succession is 
the same. 
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The gravel which has been worked on Mr. Samuel Sinnett’s 
farm, near the southeast corner of section 23, in Bloomington 
township, probably also belongs to the stage of ablation of the 
Illinoian ice. It overlies a till which resembles that of other 
exposures referred to this stage, and the two are in fact inter- 
' bedded. It contains much Archean material, but there is also 


a considerable amount of N iagara dolomite. 


The Sangamon Soil and Leached Horizon.—After the dis- 
appearance of the Illinoian ice no more bowlder clay was 
deposited in this county. The water of the Mississippi found 
a lower overflow along its present channel, and ceased to 
come down by way of Mud creek channel. Some patches of 
loess and sand appear to have covered the Illinoian deposits 
from the first, but for the most part the surface of the land 
at this time consisted of Kansan and [linoian till. This sur- 
face was fora long time being leached and oxidized by atmos- 
pheric agencies, and a soil was formed in the same way as 
soils are formed to-day. On low grounds sand and peaty 
accumulations were laid down. Deposits of atmospheric dust 
were, perhaps, also made in favorable situations. This stage 
has been called the Sangamon soil and leached horizon by 
Leverett, who finds it particularly common in the valley of 
the Sangamon river, in Illinois. It is frequently seen in 
Muscatine county. Near the southwest corner of section 14, 
in Bloomington township, a ravine has cut under the loess 
and some yellow sand. Beneath this there is a dark, peaty, 
muck, with imbedded wood. In the country to the northeast 
from here, in Wilton, and especially in Sweetland township, a 
mucky soil with wood is reported by well makers as very fre- 
quent at this level. West of the center of section 6, in Mont- 
_ pelier township, on Mr. Daniel Grimm’s farm,.Mr. Charles 
Alteneder found under the loess a buried soil on a bowlder 
clay which was.perforated by what appeared to be filled 
gopher holes.* Ina ravine on the east part of section 1, in 
Montpelier township, the ash-colored base of the loess over- 


*Professor Witter reports having seen wood from this muck, at another place, on which 
there were marks of a beaver’s teeth. 
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lies a thin seam of black muck filled with decayed vegetation, 
and this in turn rests on a sticky, blue, leached soil, which 
forms the upper surface of the underlying bowlder clay. A 
deep peat which, probably, also is to be referred to this 
formation, occurs in a ravine at the northwest corner of the 
southwest quarter of section 34, in Sweetland, at a point 
where this leaves the loess and begins to cut down in the 
bowlder clay below. Near the center of the southwest quarter 
of section 12 there is a peat which contains large pieces of 
gymnospermous wood, and from which were taken some ele- 
phant bones, now in Mr. Charles Weir’s museum in Muscatine. 


Traces of peaty material are seen in the base of the loess in 


the old clay pit near the corner of Highth and Chestnut 
streets in Muscatine. One-eighth of a mile southwest of the 
center of section 19, in Pike township, there is a spring in the 
bluff of the Kansan drift plain. Right above this spring 
there is ten feet of loess, which rests on a black soil of bowl- 
der clay. Near the center of the southwest quarter of the 


same section the same soil is seen higher up under six feet of, 


loess. In this township the old soil rests on Kansan till. On 
the highest uplands the surface of the till under the loess, as 
a rule, presents a.leached and oxidized zone in all parts of the 
county. 

Lake Calvin.—During the time these soils and leached hori- 
zons were forming on the higher ground the lowlands along 
the Cedar were covered by a lake-like expanse of the Cedar 
river, and were:being filled with gravel and sand. An impor- 
tant instance of fevidence to this effect was found near the 
north line:of the northwest quarter of section 23, in Cedar 
township,’ on the land belonging to Mr. W. B. Verink. At this 
place a’stream runs down from the upland to the Cedar bot- 
toms. Inthe cut of the road on the west section line the fol- 
lowing drift section was noted: 
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P FEET. 
3. Loess, slightly sandy in places and running into lam- 
inated silt below, which appears slightly disturbed 10 


2. Peat, in irregular pockets and lumps................. 2 
1. Grayish-white, leached sand, with a weak incipient 
CaleareOUs mAtRIR | es ln lait lead GIN owiehe os 6 


On the north side of the creek the same succession appears, 
but here the peat and sand have been cut away toward the 
creek, and the loess comes down over their eroded edges. 

Not far from the center of the north line of the same section 
the créek has exposed the peaty material again. The section 
here is as follows: 


FEET 
6. Sandy loess, in places irregularly stratified........... ‘ 
Op POANC eee detevaiae Meet eweicaon Malas nie cae whet eens eke mein sneran 1 
4, Stratified, yellow sand, with some fine, bluish silt..... 5 
3. Peaty layer, with black fragments of plants, partly 
} MUS EUT DEC re al eee crac NSCS eae atelkl a tual oleh ate: ieee ete 1 
2. Pinkish or yellow diatomaceous mud................. $ 


1. White, stratified sand to below the bed of the stream 12 


The bed of this creek is about on a level with the West 
Liberty plain. Samples of the diatomaceous mud which lies 
under the peat have been examined by Mr. P. C. Myers, of 
the University of Iowa, and he has identified fourteen differ- 
ent forms of diatoms, a list of which he has published in the 
Proceedings of Iowa Academy of Sciences, vol. vi, pp. 52-3, 
giving the habitat of each species. 


LIST OF DIATOMS FROM THE DRIFT IN CEDAR TOWNSHIP. 
SPECIES AND HABITAT. 


1. Navicula abaujensis Pant. Fossil in fresh-water deposits, Hungary. 

2. Navicula borealis (Ehr.) Kuetz. Fresh water, cataracts, rivers and wet 
moss, all over Hurope and America. 

3. Navicula gibba (Ehr.) Kuetz. Found everywhere in fresh water. 

4, Navicula major Kuetz. A cosmopolitan species in fresh water. 

5. Navicula nobilis (Khr.) Kuetz. Var dactylus (Ehr.) V.H. In bogs; also 
found fossil. 

6. Navicula rwpestris (Prinn.) Hantz, On wet rocks. 

7. Navicula placentula (Ehr.) Kuetz. In rivers in Europe and America, also 
marine, sometimes fossil. 
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8. Eunotia diodon (Ehr.) In rivers, on wet rocks, sometimes fossil; found also 
in springs and rapids. 
9. Eunotia gracilis (Ebr) Rabenh. In boggy, swampy places. 
10. ‘Eunotia major (Wm. Sm.) Rabenh. In fresh water everywhere. 
ll. Stawroneis pheenicenteron (Nitz.) Ehr. Cosmopolitan. 
12. Cystopleura gibba (Ehr.) Kunze. Common in fresh water, also fossil and 
marine. 


! 


13. Cymbella cymbiformis (Kuetz.) Breb. Var. parva (Wm. Sm ) Vic B.Com: 


mon everywhere in fresh water. 

14. Hantzschia amphioxys (Ehr.) Grun. Common everywhere in fresh water. 

From this list and from the comparative number of indi- 
viduals of each species Mr. Myers infers that the conditions 
attending the deposition of this mud were probably such as 
are found in shallow bogs subject to gentle overflows from 
some creek orriver. This view is in accord with the evidence 
from the containing beds. These consist of sand and silt and 
occupy a level at which such materials could not have been 
laid down in any quantity except in slack water. The sand 
under the peat is very pure and much more like a littoral 
lacustrine sand than sand deposited by a creek. In all 
probability the sand was a deposit in the lake near its margin. 
As the filling proceeded marshy conditions were produced 
and at this stage the diatomaceous mud and peat were made. 
Later on thesé were covered by a few feet of variable layers 
of silt and sand, such as are now forming over bottom lands. 

Sandy water-bedded deposits of a similar nature occur under 
the loess on Mud creek, near Wilton, and have yielded the 
remains of a mastodon or elephant. Dr. Calvin investigated 
this locality for the University of Iowa, at the time of the 
discovery of the bones in 1874, and gave an account of the 
fossils and the containing beds to President Thatcher. The 
main facts presented in this report are summarized below: 


The bones were found in the south bank of the ereek about half a mile south 
of Wilton, at a point where the stream coming from the north bends abruptly to 
the west. Measured from the water, the bank at the time rose nearly thirty feet 
high. The several bones lay at about the same level in the bank. The skeleton 
had evidently arrived entire at the place butit was dismembered and scattered 
before it became finally imbedded. The deposits containing the skeleton were 
modified drift, consisting of alternating strata of very fine sand and clay. The 


i 
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fineness of this material, the regular stratification and absence of organic matter, 
indicated that at the time of the imbedding of the skeleton, the locality was covered 
with comparatively deep, clear,and still water, ‘‘ having nothing of the character of 
a marsh but rather resembling the bottom of some wide lake or some large, slowly 
moving river.’”?’ The topography of the surrounding country and the nature of 
the drift itself, favored the idea that a lake at one time covered the territory of 
the West Liberty plain and reached up to Wilton, and that sediments from some 
in-flowing river had aided in filling this lake. ‘‘ Occasionally larger bodies carried 
by some more powerful agency, found their way out to the deeper parts and became 
covered up by the accumulating sediment.’? The evidence was conclusive that the 
sediments containing the bones were laid down after the ice had disappeared 
from the region. In theexcavated skeleton the cranium and the cervical vertebra 


were missing, but of the vertebree there were exhumed nine of the dorsal, two ~ 


sacral, and one caudal; besides thirteen ribs, one segment of the sternum, parts 
of both of the innominate bones, one femur, the right tibia, a number of the 
tarsal, metatarsal and phalangeal bones, one patella, the right scapula, the lower 


end of the humerus and some carpal and metacarpal bones. The right scapula 


was in a particularly perfect condition. Measurements were taken as follows: 


Scapula— INCHES. 
Length, from margin of glenoid cavity to superior angle..,.............. 39 
Width from posterior angle to opposite border....... ot headers eee es 28 
Glenoid cavity; diameters./05)05. O. one 8 vat cote MeN gh ue uate re Milage 94, 5+ 
GITCUMPOLEN CS OL CAG sce Mhee ss ete At siete acaroce oaths Siete gie Gia aidin Siar hay eier sees 324 
Weight, 514 pounds. 

AGS R ELD ON OLLET CLEVES versie Se nwU aid a woe Be oie dln ladon d goa aie edd Vinipibioictoye vies 52 

VWVAGESLATL Ds SACLOSSt vic iclrs dotia shia uly dtelalg ela shal) aveubys nb E to aueipu the Rogdicleey eles a6} 4 

Vertebra (first dorsal)— 

Wiidthand depth OL Centrumnn 2.1.9. waitin tt \ojayeoaieicio cies esas eisibie © clsistelete ttle e's 54 
PNCPOSHY BbELels PROCCSS ey aera vere ela tale le cr atipveaslors niahoterelcioletsl er Mati chaiv ot ose alaty evalrenell 113 
Meng thot dorsal processt sr rayses etds.cjojers «idielervieie soyeie, sieieis) slp) fate a8 eee a\AVesa) ta) eos 10 
Height of neural arch................. Vile ett te ere aU Wey Arad eae 43 
WadbheOh meuralearche na dea centelgidcie sors ctesete' Gre Sletainicre + stmae tate Mel esavar ota als oy 23 
. Right tibia— / Mose 
Ase) aoa 5] SHAS Bane BicuceR ccc TA ORION RUDY OF ea OCH eS OLR Near dt Oo AUR EY OVD Sade Oe ICES a 35 
Circumference at top...... Weeks cise Salis ctu Me? aueyaN/ca laa spits gute ode) epignon eee aioute ovata Tete 224 
Wircumferancersdt: midd lesceii sid pnts sees cde cet haere cleats wis toate oiataia ssa opece 102 
Humerus, circumference at lower end............. cee eee eee RS Tee AAS Op 37 


The waterin the lake in which these deposits were laid down 
appears to have stood highest at the time of the disappearance 


of the Illinoian ice. Over the north and west slope of the - 


Illinoian drift plain the loess is often underlain by a yellow 
sand. In oneor two places this sand has been observed to be 


water-bedded. 
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It will be remembered that the Illinoian drift on East Hill 
in Muscatine appears to be continuous with sand that changes 
upward into loess. Less than half a mile from this place to 
the northeast several Archean bowlders come up above the 
surface of the loess, eight having been counted on an area of 
a few acres. The largest one is at least four feet in diameter 
and the smallest one a little less than one foot. One is seen 
in the cut of the road going down the bluff along the south 
line of section 25. The loess at this place is only about five 
feet deep and the bowlder comes up to within six inches of its 
surface. In section 23, in Bloomington township, bowlders 
are sometimes seen on top of a sand under the loess and 
extending up into the latter, which in such places, usually, is 
thin. In section 35, in Moscow township, wells are reported 
to enter a sand which is twenty feet deep, under four or five 
feet of surface loess. Some bowlders have also been found on 
the surface of low lands in this section. Along Musketo 
creek in section 23, sand and loess frequently interchange and 
replace each other. One bowlder was seen resting on loess near 
the south line of section 8, in Wilton township, one in the south- 
west quarter of section 11, and one near the center of the west 
line of section 2, in Moscow. 


At none of these localities where bowlders have been found. 


is the loess more than a few feet deep, nor does it have the 
appearance of the typical upland loess. It is at the same 
time more clayey and more sandy, resembling certain phases 
of alluvial deposits. The bowlders lie on comparatively low 
upland, not exceeding 700 feet above the sea level. The two 
first mentioned localities are in a wide, shallow depression of 
the Illinoian drift plain, which extends from the valley of 
Mad creek northwestward. ‘The bowlders were, in all prob- 
ability, transported by floating ice on the surface of the lake 
at an early stage, when its waters stood high, and were prob- 
ably stranded on the shore. Before the disappearance of all 
the inert remnants of the ice farther to the south, where the 
flow had been stronger than here, there may have been a 
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temporary drainage across the land from below Moscow to the 
Mississippi near Muscatine. The high stage of the lake must, 
however, have been of short duration, for the bowlders are 
_ few and not associated with any indications of a shoreline. It 
may indeed have been of the nature of a periodic or an acci- 


dental overflow. For most of the time of its subsequent — 


existence it must have been a wide expansion of the Cedar 
river, somewhat like Lake Pepin in the Mississippi of to-day, 
with its water level but slightly higher than the present 
surface of the West Liberty plain, At this level there has 
been some cutting, and it seems to have been maintained 
until the basin was filled. This probably occurred near the 


advent of the Iowan ice to the north. The sand ridge which 


frequently crests the bluffs on the east border of the plain is 
most likely,a wind drift formed on the lee side of the lake a 
this stage. 

With regard to the nature of the filling, not very much is 
known. Over the whole lake plain, excepting the Cedar bot- 
toms and a strip of varying width following these on the west, 
there is usually a superficial deposit very much like a loess, 
ranging from five to fifteen feet in depth. This must have 
been deposited latest and probably after the river began to 
meander on the old lake bottom. Downward it changes 
gradually in a few feet to a yellow sand, and this in turn rests 
on gravel and sand. At Nichols the filling has been explored 
to a depth of 250 feet (some reports make it 300 feet). Near 
Atalissa it is known to reach down 100 feet. At the old ford 
in section 36, in Goshen township, riffles of bowlders appear in 
the bed of the river and the greater number consist of green- 
stone, yellow chert, granite and white quartzite. The frag- 
ments are noticeably angular and are probably derived from 
the Kansan drift. On section 32, in Orono township, the 
river cuts into the gravel of the plain bed. Some of the 
bowlders are from two to four feet in diameter, and some 
were seen to have plain glacial scorings. The most frequent 
rocks among the bowlders are diabase, granite. greenstone 
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Trenton limestone, Niagara limestone, and Sub-Carboniferous 
limestone resembling the Burlington. The latter must have 
been brought from the south or west. Tosum up, part of the 
filing in the preglacial basin was most likely furnished by 
the Kansan drift. In the deposition of the uppermost gravel 
floating ice seems to have aided in bringing some of the 
bowlders. | 

The topographic features of Re lake plain have already 
been described in a previous chapter. The full history of the 
lake can not be made out, since none of its shore lines appear 


above the level to which it has been filled. The occurrence | 


of diatoms and mastodon remains in some of its sediments is 
in itself significant of the age of some of the upper part of its 
filling, for diatoms and mastodon remains have both been 
taken from the Sangamon soil resting on Illinoian till in the 
west part of Davenport, in Scott county.” The correlation 


«The diatom-bearing mud in this place has been examined by Dr. Astrid Oleve, of Upsala, 
Sweden. She reports the following forms: 

Cymbella gastroides Kuetz. Rare. 

Eunotia monodon Ehr. Common. 

Eunotia prerupta Ehr. Oommon. 

Eunotia prerupta var. bidens Grun. Oommon. 

Hantzschia amphioxys (Bhr.) Grun. 

Navicula amphibola Cl. Common. 

Navicula semen Ehr. Common, 

Pinnularia commutata Grun. 

Pinnularia streptoraphe var. minor Ol. 

Pinnularia streptoraphe var. styliformis Grun. | 

Stauroneis phenicenteron var. amphilepta Ehr. Rare. 

Stauroneis javanica Grun. Very rare. 

From other samples taken later Mr. P. 0. Myers has added the following to the dist of 
identified diatoms from the same place. 

Eunotia gracitis (Ehr.) Rabenh. (Not common:) Bogs and stagnant ponds, 

Eunotia diodon Ehr. (Common.) Springs, rivers, cataracts. — 

Encyonema ceespitosum Kuetz. (Very rare.) Stagnant water, lakes, rivers. 

Gomphonema subtile Ehr. (Very rare.) Quiet water, fossil in Europe. 

Gomphonema dichotomum Kuetz. (Very rare.) On algae in quiet, fresh water in Europe 
and America. Fossil in Silesia. ‘ 

Meridion constrictum Ralfs. (Very rare.) Living and fossil allover Europe and America. 

Navicula boreolis (Khr.) Kuetz. (Not rare.) In rivers, cataracts, wet moss; Hurope and 
America. Also alpine. ’ 

Navicula elliptica Kuetz. (Not rare.) Fresh water, brackish water, in lakes, and fossil. 

Navicula dicephala Ehr. (OCommon.) Everywhere in fresh water. 

Navicula placentula (Ehr.) Kuetz. (Common.) Rare in fresh water, common in brackish, 
also common as fossil. \ 

Navicula mutica Kuetz. (Not rare.) Common in brackish water, rare in fresh water 
ponds and lakes. Fossilin Prussia. 

Navicula hilseana Janish. (Common.) Fresh water lakes. 

(=~ Continuation of notes on following page. 
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with the Sangamon rests, however, on better evidence, which 
must be sufficiently clear from the account given. | 

In conformity with precedents this fossil lake should 
properly be known by the name of its discoverer, whose dis- 
tinguished service to science since the time of his observations 
in this region, twenty-five years ago, has so greatly advanced 
our knowledge of American geology. 

The Loess.—Excepting the bottom lands and some sandy 
tracts on West Liberty plain, and on the west slope of the 
Illinoian drift plain, loess invariably covers the drift through- 
out the county. It is best developed along the bluffs of the 
Mississippi river, where its usual depth is from fifteen to 
twenty-five feet. Opposite Broadway, on West Hill, in Mus- 
catine it is nearly forty feet deep, and this is its maximum 
thickness as far as known in the county. On the outer slope 
of the Dlinoian drift plain it averages about ten feet, and on 
the Kansan drift plain it has about the same depth. On long 
and low slopes to lowlands and ravines it frequently is no 
more than five feet deep, but where there has been consider- 
able cutting back on such slopes, producing abrupt bluffs, it 
is apt to be deeper. This circumstance, together with well 
records from the higher flats of the upland, indicates 4 greater 

development on the undissected flat uplands. On some ter- 
races, and on the West Liberty plain, the loess-like superficial 
material is usually only a few feet in thickness. The forma- 
tion occurs at levels, usually following the gentler slopes on 
the drift surface, and sometimes also the steeper slopes. 

Four different phases of loess may be mentioned. A sticky 
and sandy phase has already been referred to as possibly con- 


Navicula bacilliformis Grun. (Notcommon.) Rare in fresh water lakes. 

Navicula viridis Kuetz. (Common )' Widely distributed, preferring quiet, shallow ponds 
and bogs fed by springs. 

Nawvicula iridis Ebr. var. affinis (Ebr.) V.H. (Veryrare.) Fresh water everywhere. 

Navicula gibba (Ehr.) Kuetz. (Notrare.) Fresh water allover North and South America 
anc Europe. 

Navicula viridis (Nitzsch ) Kuetz. (Notcommon.) Fresh water everywhere. 

Nitzschia palea (Kuetz.) Wm. Smith. (Very rare.) Krequentin creeks, rivers and ponds. 

Pleurostauron autum (W.Sm.) Rab. (Rare.) Commonin fresh water. 

Suriraya ovalis Breb. var. minuta Breb. (Rare.) Rivers, cataracts and mountain streams 

Tabellaria fenestrata (Syngb.) Kuetz. (Very rare.) Everywhere in fresh water 
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Fra. 38. Section of drift exposed in a railroad cut, in a low ridge, one and one-half miles east of Stockton. 


sand; O, ferruginous sand; D, faintly bedded silt; E, red sand and gravel; F, silt; G, yellow silt; H, red sand; I, yellow 


A, loess; B, gray 
sand; J, cross- 


bedded sand and gravel; K and L, square blocks of fine silt imbedded in sand; M, fine silt, sand and gravel; N, sand 


changing upward into loess. 


nected with fluviatile conditions attend- 
ant upon the early stages of Lake Cal- 
vin. It differs from the other phases in 
being thin and in having, at a few places, 
a small number of bowlders imbedded. 


Another phase is interbedded with the 


upper part of the Ilinoian drift, and con- 
tains frequent snailshells. It seems to 
have formed on or near the Illinoian ice 
in its vanishing stage. One exposure of 
this kind is seen in the bluff along Her- 
shey avenue, about two blocks west of 
Maine street, in Muscatine. It contains 
some pebbles in its lower part.* Another 
was seen in a fresh railroad cut across a 
low swell east of Stockton. Here there 
is, strictly speaking, no interbedding with 
the bowlder clay, but some highly tilted 
beds of silt, on the edges of which it 
rests, were observed to run up into the 
base of the loess with sharp, projecting 
edges, in such a manner that it appeared 
inconceivable that they should have been 
so imbedded unless the layers of silt were 
frozen at the time. The tilting of the 
underlying bedded materials suggests 
settled superglacial or englacial accumu- 


lations (Fig. 38). Still another phase of 


loess is coarser than the usual, and con- 
tains seams of fine sand and, in one 
instance, coarse sand and small pebbles. 
It is always evenly laminated, and at the 


same time free from clay or fine material. | 


It is seen in the basal part of the loess, 


* For fossils in this formation, see page 388. 


THE LOKSS. 


and occurs along present or former large 
waterways. ‘This is usually cut by slant- 
ing, straight joints into slightly faulted 
blocks, and changes upward into fossil- 
bearing, structureless loess. Typical ex- 
posures are seen near the crossing of 
Eighth and Pine streets, in Muscatine, 
and in the railroad cut in a small isolated 
hill, near the northwest corner of section 
6, in Fulton township. At the latter place 
it rests on ferruginous gravel, into which 


some bent, vein-like protrusions of the 


base of the loess extend in a way that 


suggests extensive settling after deposi-_ 


tion (Fig. 39). A little higher up it con- 
tains fossils, among which have -been 
identified by Professor Shimek //éelicodis- 


cus lineatus (Say) Morse, Pupa muscorum - 


L., Bifidaria pentodon (Say) Sterki,' and 


_ Succinea avara Say. This phase seems 


also to be related to the Jllinoian drift. 
Finally there is the floury loess without 
lamination, and uniform in composition. 
This is by far the most common phase, 
and into it all the other phases grade 
vertically or horizontally. It constitutes 
the usual upland veneer. It is occasion- 
ally fossil-bearing. In the city of Mus- 
catine Professor Witter has collected 
from it the following mollusks:* 

Helia striatella. 

Felix fulva. 

Helix pulchella. 


*rroc, lowa Acad. Sci., vol. I, pt. i, p.16. 1880. 


Fra. 39. 


Section of drift exposed in a railroad cut in a low hill three quarters of a mile west of Stockton. 


A, loess of somewhat compact texture; B, loess, with fossils above.and coarse streaks below, cut by slanting straight joints; O, pebbly 


sand; D, stratified gravel; HB, blocks of silt; KF, till; G, silt, resting on some ferruginous sand; H, blue till. 
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Helix lineata. 

Pupa blandi.* 

Pupa corticaria. 

Pupa muscorum. 

Pupa simplex. 

Succinea avara. 

Succinea obliqua. 

Helicina occulta. 

Limnea humilis. : 

Besides these mollusks he has also discovered teeth, bones 
and antlers of a species of caribou or deer, and a tusk and 
teeth of a mammoth or mastodon. 

Opinions differ as to the origin of the loess. The usual 
view has been that it is an aqueous sediment, laid down at a 
time when the land was submerged. Chamberlin has lately 
advanced the hypothesis that it is in part an atmospheric sedi- 
ment and in part a surface wash. Some of the features pre- 


sented by the loess in this county seem to sustain such a _ 


view. 
The greater part of the loess in this county was no doub 

formed subsequent to the Sangamon stage, at the time when 

the Iowan drift was being deposited to the north of this 


region, aS Calvin has shown. But some loess seems to. 


be older than this, as where it is found interbedded with 
the Illinoian drift. Some may also be more recent. Profes- 
sor Witter has reported the finding of chipped flints in the 
upper part of the loess exposed in a clay pit on Eighth street, 
in Muscatine. The author has found a river unio two feet 
from the surface of the loess on the bluff overlooking the 
Mississippi, in section 29, in Sweetland township. It was 
associated with chips of flint, and must have been brought 
there by human agency. Near the center of section 8, in 
Lake township, he accidentally founda nest of stones of a size 
suitable for hand hammers, lying one foot under the sod in 


*The fossils from eastern Lowa usually identified as Pupa blandi are Pupa pentodon. Pupa 
blandi seems to be restricted, so far as the loess fossils of lowa are now known, to the western 
part of the state. B.S. 
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the loess. There is no doubt that they had been placed there 
by human hands. It may be that at all of these places these 
relics of human work were purposely buried, but nothing has 
been observed to indicate that such was the case. An alter- 
native view is that they were simply left on the surface of 
the ground and have been covered later by secular accumula- 
tion of atmospherie dust. If this be the correct view the sur- 
face loess in these places must be quite recent.- 

Terrace and Alluvium.—The deposits on the Cedar bottom 
are usually not very sandy. This bottom forms a belt about 
two or three miles in width, except near the north and south 


_ boundaries of the county where the valley of the river is nar- | 


row. At Moscow the town is situated on a terrace which 
appears more recent than the West Liberty plain. East of 
the railroad depot an excavation in this terrace, twenty 
feet deep, shows a structuréless, yellowish, surface sand two 
feet deep, resting on a white or gray sand rather free from 
eravel. The Mississippi bottom land above Muscatine is 
“narrow, and only a small strip next the river is subject to 
overflow. Above this the ground is a low slope up to the 
bluffs, in part at least formed by wash from the latter. This 


slope is never sandy. Below Muscatine, alluvium covers most. 


of the island, and also the slope between the Muscatine slough 
and the bluffs. This slope largely consists of confluent fans 
of deposits from the creeks and ravines draining the uplands, 
and these fans are usually proportionate to the streams in 
size. Muscatine island is mostly covered by a rusty sand 
_ which in some places, as in sections 16 and 21, in Fruitland 
township, contains a large amount of gravel. On the south 
half of sections 33 and 34 there is a remnant of a terrace, 
known as the Sand Mound, rising from thirty to forty feet 
above the level of the island. It consists of rather fine, white 
sand, with very few pebbles. Some of the surface material 
on the island may have been derived from this terrace. 
Small alluvial tracts of land occur along the larger creeks in 
the county, especially along the Wapsinonoc, Mud creek and 
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Pine creek. From an alluvium which occurs in a small run 
just below Fairport, some snail shells have been collected. 
Part of the exposure is somewhat like 'a loess. Prof. B. 
Shimek has identified the following forms in the collection 
made: 

Polygyra multilineata (Say) P. & J. 

Zonitoides minusculus (Bin.) P. & J. 

Succinea obliqua Say. * 

Pomatopsis lapidarva (Say) Try. 

Limneea humilis Say. (?) 

Pisidiwm abditum Hald. (?) 


DEFORMATIONS. 


The bed rock is slightly tilted to the south and west. The 
dip to the west is small. Near the east county line the top of 
the main dolomite, number 9 of the general Devonian section, 
is thirty feet above low water. Near the center of section 29, 
in Sweetland township, the top of the same ledge is about 
eight feet above low water. The two places are cleven miles 
apart from east to west. The fall of the river in the same 
distance is less than three feet. The total dip to the west in 
eleven miles is thus twenty-five feet, which is only a little 
more than two feet to the mile. The dip to the south is much 
greater. It has been made out along two lines. The eleva- 
tion of the top of the Basal breccia (general section, No. 1), 
near the county line northwest of Moscow, is about 660 feet 
above sea level. The top of the Stromatopora breccia in Mad 
creek, in north Muscatine, lies at a level of about 560 feet. 
The former is seventy feet below the latter in the Devonian 
section. Hence there is a total descent of 170 feet in eleven 
miles, which is the north-and-south distance between these 
two places. This makes a dip of about sixteen feet to the 
mile. Near the north line of section 34, in Tp. 78 N., R. I W., 
the elevation of the base of the Strombodes ledges is 
690 feet above sea level. The elevation of the top of the 
Stromatopora breccia west of Fairport and near Wyoming 
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Hill is about 550 feet above sea level. The vertical distance 
between;,the two horizons in the section is forty-two feet, the 
Strombodes ledge being the lower. The north-and-south 
distance between the two places is nearly six miles, in 
which there is a total descent of 140 feet, or twenty-three feet 
per mile. Averaging these two measurements there is a dip 
to the south of about twenty feet to the mile. This would 
bring the top of the Cedar Valley limestone down to about 
400 feet above sea level along the south boundary of: the 
county, near the Mississippi river. Local variations and 
small folds are evident at some places. The south dip of the 
coal measures seems to be about four feet per mile less than 
that of the Cedar Valley limestone, indicating that the earth 
movements which produced this tilting had already com- 
menced before the coal measures were deposited. That such 
was the case is known from evidence elsewhere in the state. 
No general faults or folds appear anywhere in the county. 


JOINTS. 


In most exposures of the bed rock, two or three systems of 
joints can be observed. In the Des Moines sandstone all of 
these joints are generally nearly vertical. This is also the 
ease in the most compact ledges of the Devonian limestone. 
In the softer ledges of the latter rock the joints are more apt 
to run at a considerable angle from the vertical, sometimes 
diverging as much as forty-five degrees, or even more. Some 
observations have been made on the bearings of these joints, 
and are given in the table below. It will be noticed that the 
joints cluster about two directions which intersect at right 
angles, one having an average trend about N. thirty-five 
degrees E., and the other of about N. fifty-five degrees W. 
(Fig. 40.) These directions coincide with the tilting of the 
rock, which is to the southwest, but more to the south than 
to the west, as already shown. The dip joints appear to be 
more frequent and more uniform in development than the 
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Tia. 40. Diagram showing the position of joint planes in the bed rock. sp 

strike joints. The observations are too few to indicate any ) DEA 
difference in the general direction of the joints for the differ- = 
ent formations, if such difference should exist. The measure- . ieee 
ments were made with a small hand compass and were cor- 


rected for declination. 


TABLE SHOWING DIRECTIONS OF JOINTS IN THE COUNTRY ROCK IN 
MUSCATINE COUNTY. z 


In the Des Moines Sandstone. 


Montpelier creek... 0.0.30... Ale N. 27° E. 
Walt Cape bDenrern ccdann otro aurene: N.S. N. 25° _E. Sis 
West Hill, Muscatine.’.... ....... N. 25° EH. | N. 42° W..| N. 72° EB, | N.16°W) tak 
Pappoose creek, Muscatine......... N.55° W. | N. 25° E. aie 
Branch of Pappoose creek.......... N. 70° W.| N. 40° E. cat 
TOVS SoU U Mer stars lereiteteielslersemicieenerete N. 50° W. | N. 8° W. 1 N. 30° E. 
In the Cedar Valley Limestone. 

Montpelier creek.........65.. 02... N. 45° i. | N. 58° BE. | N. 57° W 
FRobinson’s Cheek sino ical fie aicleteacts NN... 45° BN: 152-3) SN 12° SW 
Alteneder’s quarry..............06- N. 45° E. | N. 72° W. 
Hairport (landing) eit woe seas pte N..32° -H.,), N..58°> EB «| IN. 2° W..| IN. 25° B. 
Sweetland: cheeks. sce. < oc ee bien. N. 37° E. | N. 48° W. 
Mad tere key ieee otek so wlerne sistiaey etree N, 36° E. | N. 60° W. 
GattonesnGuarryctwc ees Ace serdar N. 52° W..| N: 18° BE. 4 
Pime creek sates Mice lnc one eee wale N. 82° E. | N. 35° -W. ie 

In the Sweetland Creek Beds. : 
Robinson's. creeks 4 sch ws ge ee ee es oa N.58° KE. | N: 66° W. 
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EARTH TEMPERATURES. 


From a few observations made on the temperatures of well 
water, it seems that the underground temperature increases 
downward in this county at a rate somewhat near 1° Fahren- 
heit for 100 feet. This corresponds to the observed rate of 


‘increase at other places in this region. The data from’ Mus- | 


catine county are as follows: 


Underground Temperatures. 


Depth in feet 
Temperature 


ro 

q 

8 

\ is 

Average of several surface wells and springs... .. GRO SIE cron 50 | 51° 
RrankiNebtle bushie velcro Sasths stelare teeter eied ales shotangtere alee eietatels ere 347 | 54° 
Wilton artesian wells we ee ie Os ters Cl, OTs Sad Taal ey fae 1,360 | 64° 
Nest iiberty artesian well eric. os aaa. ols ajeke o onh santo Masare olererd welts s 1,768 | 65° 


MINERALS. 


Among the minerals found in the country rock calcite is the 
most common. It frequently occurs as Iceland spar, lining 
small crevices in the Cedar Valley hmestone. Joints in this 
rock are sometimes filled with plates of a columnar structure. 
A white incrustation of this kind, an inch thick, was found 
lining a crevice in the Des Moines sandstone in Stark’s quarry, 
in section 29, in Sweetland township. In Robinson’s creek, 
in the uppermost weathered ledges of the Cedar Valley lime- 
stone underlying the coal measures, there are some small cay- 
ities which have been filled by a radiating variety of cone-in- 
cone, the bases of the cones next to the surface of the cavity 
occasionally consisting of pure transparent calcite.  Pyrites 
is common in the Des Moines shales. It forms spherical con- 
eretions in the sandstone in the west part of Muscatine. It 
fills joints, sometimes an inch wide, in the eroded surface of 
the Cedar Valley limestone, under the coal measures in Sul- 
phurcreek. Insimilar situations it occasionally almost covers 
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the surface of the lower rock. About a foot above the base 
of the Sweetland Creek beds it forms a seam from half an 
inch to two inches in thickness. Higher up in this rock it 
forms spherical and lenticular concretions. <A yellow effer- 
vescence of copperas is often seen on the black carbonaceous 
shale.of the Des Moines. Sphalerite is sometimes found in 
sntall crevices in the Cedar Valley limestone, and has been 
observed near Montpelier. It was also seen in a silicified 
Devonian bowlder belonging to the basal conglomerate of the 
Des Moines at that place. Gypsum, or selenite, occurs as a 
disintegration product from pyrites in the Sweetland Creek 
beds, sometimes in dendritic forms in joints in the black shale. 
An incrustation of epsomite is now and then formed on expos- 
ures of the basal ledges of the same formation. A calcareous 
limonite forms the matrix of a conglomerate under the drift 


on West Hill in Muscatine. Concretions of impure siderite 


are quite frequent in the coal measures. Bog manganese forms 


a considerable ingredient in a black, mucky substance on top | 


of the limestone in Wresley’s quarry southwest of Moscow. 
A peculiar occurrence was noticed in a railroad embankment 
west of Stcckton, near the county line. A Devonian bowlder 
lodged in fresh clayey drift had a powdery coating of this 
mineral measuring one-fourth of an inch in thickness. Large 
lumps of impure hematite, altered from Cedar Valley lime- 
stone, lie under the coal measures in the right bank of Pine 
creek about one-half mile from its mouth. Among the rare 
minerals of the drift copper may be mentioned. <A piece 
weighing nearly twelve ounces was found in Mad creek some 


years ago, and is now to be seen in Mr. Weir’s museum in | 


Muscatine. A lump of Galena weighing five pounds has been 
found in the drift at the foot of the bluff west of Lake Keo- 
kuk. Dr. Otto Kuntze has recently discovered Quenstedtite* 
near Montpelier, where it is found in dry seasons as; an 
incrustation on an outcrop of Des Moines sandstone. Its 
composition is reported as follows: 


* On the Occurrence of Quenstedtite near Montpelier, Iowa, by Otto Kuntze, American Geolo- 
gist, vol. XXIII, No. 2, p. 119. 
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ECONOMIC PRODUCTS. 
COAL. 


Coal has been mined in this county for more than forty 
years. The two localities which have been worked most 
extensively are West Hill, in Muscatine, and the old Hoor 
property, on section 30 in Sweetland township. The latter 
has been abandoned for some years, and the former long ago 
ceased to be produetive. The mining was carried on mainly 
to supply the local demand, As to the nature of the coal 
taken out in Muscatine, Hall, in his report on the county,* 
says that ‘‘its quality was very poor, as it contained an 
unusually large proportion of iron pyrites mixed with it.” 
The coal from the Hoor bank is said by Keyes to have been 
of excellent character and the seam was free from irregu- 
larities or clay seams. Another coal bank was operated suc- 
cessfully for many years, on a small scale, by Mr. Robert 
Henderson, in the northeast quarter of section 9, in Montpelier 
township. 

Three years ago some drifts were opened on Mr. Frank | 
Nettlebush’s farm, in the northeast quarter of section 27, in 
Sweetland township. There are now several entries in the 
slope of a ravine, at a level of about 120 feet above the river. 
Two of these are worked, mainly by one miner. The coal is 
about twenty inches thick, with a ‘‘soapstone”’ and miners’ 
‘‘slate’’ for roof. The first season 2,000 bushels were taken 
out, and the year after the whole output was 5,000 bushels. 
The coal is sold to farmers in the neighborhood, and is con- 
sidered to be of good quality. Some small drift mines are 
oceasionally worked on the middle branch of Pine creek, 


*Geology of Iowa, James Hall, vol. I, p. 277. 
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where this is crossed by the road following the west line of 
section 8, in Montpelier township. This coal rests on the 
Cedar Valley limestone, and above it there is first about eight 
feet of shale and then sandstone. These are all the mines 
now operated in the county. ; 

Though the supply, of coal seems by this time to be 
exhausted, it is not impossible that there may yet be found 
some local developments of veins which can be profitably 
worked on a small seale. But it is not at all likely that the 
feather edge of the coal basin which extends into this region 
has any extensive or thick coal veins. The rapid rise to the 
north of the underlying limestone causes the coal measures 
to run out in a distance of from two to five miles from the 
river. All observations on the beds containing the coal show 
that these are very changeable, and several circumstances 
have combined to render them unproductive. The bottom of 
. the Carboniferous sea in which they were laid down was 
uneven. Contemporaneous unconformities indicate that the 
marginal waters in this sea occasionally cut away their own 
deposits. Recent erosion has extensively dissected the thin 
sheet of coal-bearing rocks which still remains in the region. 
Such veins as really do exist are apt to run out in short dis- 
tances, and to have a poor roofing, for which reasons they 
prove unprofitable. Under such circumstances prospecting 
for coal will usually bring disappointment. The future of coal 
mining in this territory can best be told from the experience 
in the past. Many old ‘‘ openings’’ are seen in the bluffs of 
the Mississippi river and along the creeks in Montpelier and 
Sweetland townships. Some of these have been worked fora 
season or two, but most have been failures. They were usu- 
ally made at the expense of the land owners, who thought 
they could afford to risk a little sum on the prospect of a coal 
mine. That many hundreds of dollars have been spent’ use- 
lessly in this way is quite evident, though the parties who 
have paid for the explorations usually are reticent as to par- 
ticulars. There is just enough of a probable chance for a 
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profitable find occasionally to induce the land owners to 
engage in small speculations, but it is now a saying that no 
man has ever become rich by working a coal mine in Musca- 
tine county. With much of the field exhausted and stronger 
competition in the market profits will no doubt be still less in 
the future. 


BUILDING STONKS. 


In the west end of the county, and in the southern town- 
ships, there is no stone of any kind except a few bowlders. 
Over the east half of the county small quarries are quite 
frequent, especially along the rivers and the larger creeks. 
Good building stone is found, but not in such quantity or in 
such situations as to have encouraged extensive quarrying. 
Stone is taken out merely to supply local demand. 

The Fayette Breccia.—The lower ledges in Gatton’s and 
Wresley’s quarries, southwest of Moscow, consist of the fos- 
sil-bearing upper part of the Fayette breccia. This is a 
strong, pure limestone, of compact texture, in heavy beds. 
The upper ledges are more brittle and more cut up by joints, 
and have been used by the Chicago, Rock Island & Pacific 
railroad for riprapping and ballast. The stone from Wres- 
_ley’s quarry was used in the construction of the old milldam 
in the Cedar at this place. Some of the lower unfossiliferous 
part of this breccia has been taken out for local use in the 
west bank of the Cedar above Moscow, and also in section 3, 
northeast of Moscow. This rock is a very pure limestone, 
and in Illinois it is crushed and sold to glass manufacturers, 
who use it as a flux.* Whether it would pay to furnish this 
rock for the same purpose from Moscow would probably 


*An analysis of soma of this rock from Rock Island, LIl., is given by James Hall in Geol. 
of Iowa, vol. I, p. 372, Dr. Hall remarks that it is one of the purest limestones which has 
been found in the whole western country. The analysis is as follows: 


Lr SOLUDTS 1 REL. ate te seve, lols weeks sin &, oipipsloreraieleleieis Blamiate Sei ctd Wins clavotare AQ 
GMa RHOUALOLOLATON sare ca secu esa Nee ose oD hase ed HGleiraels ee aaine .36 
MATDON ALGO LING. es rorateod siete ah als aialoleiaeind als ses' cislo via ce mee laieth siete Wie ee 98.77 
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depend on facilities for quarrying and ee and on the 
cost for transportation. 

The Cedar Viley.— Other limestone quarries all etone to 
the Cedar Valley stage. Those on Pine creek are mostly in 
the calcareous and highly fossiliferous ledges, and yield a 
hard stone, sometimes in rather thin courses. The rock 
quarried along the bank of the Mississippi and in the creek 
east of Montpelier is a blue, dolomitic limestone, of an even 
_ texture, in heavy beds. It turns yellow and slightly harder 
on exposure. It has been used | by the railroad for riprapping 
between Montpelier and Muscatine, and has lately been taken 
out on Mr. Charles Bar’s property, near the mouth of Pine 
ereek, by contractors, who transport it on barges down the 
river, where it is used by the government | in the construction 
of wing-dams. 

The Des Moines sandstone is soft, usually light brown or 
yellow in color, and quite variable in texture as well as in 
hardness and color. It is easily worked, and this perhaps in, 
part accounts for its general use in Montpelier and Sweetland 
townships, where several farm houses and one small chureh 
have been built from it. It is quite durable, and the ferru- 
ginous ledges harden with age. Three quarries have been 
worked more than the other. One of these is in the west 
bluff, on the west branch of Pine creek, near the north line 
of section 18 in Montpelier township, on the land belonging 
to Mr. Charles Alteneder, who opened it many years ago, 
At this place the rock lies in heavy beds, some being four feet 
thick. The quarry wall now rises sixty feet from the bottom. 
The stone is rather fine in texture, and has some peculiar 
wavy, ferruginous bands, that seem to be due to infiltration 
of iron from percolating water. Another quarry is in section 
21, in the river bluff in Sweetland township, and belongs to 
Mr. J. Stark. The stone is about the same kind as in Alten- 
eder’s quarry, but a little coarser in texture. At neither of 
these two places has much quarrying been done lately. More 
rock has been taken at the quarry on Lowe’s run, in the north- 
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east quarter of section 32 in Bloomington township, west of 
Muscatine. The stone at this place is less ferruginous and of 
gray or yellowish-white color, with here and there a layer of 
darker shade. This quarry belongs to Mr. Jesse Oaks. Con- 
sidering the quality of the stone from these and some other » 
quarries in the Des Moines, it seems that it might with 
advantage be more generally used. Some imported sand- 
stone is neither stronger nor more lasting than much of this 
rock. The chief objection that can be urged against it is 
that it is somewhat variable in each quarry, and the occa- 
sional delivery of stone of inferior quality may have prevented 
a more frequent use of the better kinds of the home préduct. 


‘GRAVEL AND SAND. 


Good gravel is scarce in this region. Some has been taken 
out along the railroad in the east bluff of Mad creek, near the 
northwest corner of section 25 in Muscatine township, and 
has been used for ballast on the roadbed. About one-fourth 
of a mile northwest of this place, there is another old gravel 
pit on the property of Mr. Samuel Sinnett. The deposit is 
about four feet deep, resting on a yellow till and overlain by 
loess. It is variable in texture, changing from sand to coarse | 
gravel with large bowlders. A somewhat more extensive 
_ deposit of gravel and sand occurs under the Kansan till in the 

bluff near the center of section 6 in Fruitland township, on 
land belonging to Mr. Charles Warfield and to Mr. Charles 
Miller. This gravel is in part sand. Some years ago it was 
used in macadamizing the Hershey avenue road for a distanco 
of three miles west of the city of Muscatine. In the railroad 
excavation recently made west of Stockton, a gravel was 
uncovered in the ‘west side of a low, flat hill which lies to the 
south of the road, and it was used for ballast on the roadbed. 
The deposit was not far from twenty feet in depth at one 
place. Most of the pebbles consist of Devonian limestone. 
It changes into sand above. This gravel will no doubt become 
useful in the improvement of the roads in the vicinity. 


oe GEOLOGY OF MUSCATINE COUNTY. 


Sand for mortar is usually obtained from recent and alluvial 
deposits along the streams. East of Moscow the Chicago, 
Rock Island & Pacific railroad has worked a sand pit for road 
ballast. This sand is white and rather free from gravel. 


CLAY INDUSTRIES. 


The Fairport Potteries.—More than a dozen kilns were at 
one time in operation in the production of stoneware in the 
town of Fairport. The place is still known among the river 
people as ‘“‘Jugtown.’’ At the present time there are only 
two kilns running. One of these belongs to Mr. John Feu- 
stel, and has recently been rebuilt. Mr. Feustel employs 
from five to twenty men. Most of the clay now used by him 
is hauled across the river from the Illinois side during winter, — 
and costs about $14 a ton when laid down at the factory. A 
smalier quantity of clay is also taken on this side of the river 
from the bluffs near Pine creek. Jars, jugs, churns, milk 
pans, flower pots, hanging baskets and vases are manufac- 
tured. The ware burns to a cream-white color. About forty _ 
kilns are burned in a year, and the goods are in part shipped 
by rail and in part freighted to the cities along the river by a 
small boat. The other kiln is owned by Mr. John Shellhorn, 
who uses clay from a pit in the Des Moines shales north of 
the city. This is mixed with a red, ferruginous clay from the 
alluvium of the river just below the town. The ware pro- 
duced is chiefly flower pots, hanging baskets and vases, which 
are of fine quality and have a beautiful pink-red color. About 
fifteen kilns are burnt in a year. The decline of the industry 
at Fairport in recent years seems to be due to a lack of suit- 
able clay near the works and to the general introduction of 
enameled iron ware in the market. | 

Brick and Tile-—The Montpelier Brick and Tile works, 
which were running for nearly fifteen years, closed down at 
the end of the season in 1897. This factory made paving 
brick and tile, and also some crockery ware. The clay used 
was taken from a pit in the Des Moines shale. Another 
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industry which has been discontinued was the manufacture 
of hollow blocks for the construction of fire proof buildings 
by the Muscatine Terra Cotta Lumber company. The works 
were located north of the bluff road, southwest of the center 
of section 30 in Sweetland township. The factory was run- 
ning from 1889 to 1892, and it also produced some paving 
brick. The clay used was a disintegrated coal measure shale. 

Brick making is at present limited to the production of soft 
brick to supply the home market. Eight brick yards are 
located in Muscatine, and at West Liberty there is one. 
Neunhuis Brothers’ yard is located below East Hill, north of 
Second street. The brick is made by hand, sun-dried and 
burned in open kilns. The output in one season varies from 
500,000 to 1,000,000. The clay used is of two kinds, 'a lam- 
inated, calcareous silt, which underlies the Illinoian till, and 
loess. When burned alone or with a small admixture of loess, 
the silt makes a white, hard and strong brick. Witha greater 
proportion of loess, the bricks turn red and do not become 
quite so hard. Both kinds are made. 

The Muscatine Pressed Brick company’s yard*is located 
north of Woodland avenue, and east of Oak street. The brick 
is made by a Henry Martin soft mud machine, is dried wholly 
under roof, and burned in open kilns. The clay used is loess, 
which is excavated to a depth of sixteen feet. The upper six 
feet of this is compact and breaks into small cuboidal blocks, 
while the lower part of the bank is more open in texture. 
Some hard brick suitable for sidewalks is made from the upper 
clay, but the main product is a fine, soft, building brick. 
- Usually about 1,500,000 bricks are made in a season. Mr. 
Carl Hagermeister operates a yard on Mulberry street, north 
of Woodlawn avenue. The brick is red, and made from loess 
clay, about 450,000 inaseason. Hagermann & Koetting have 
their yard adjoining Hagermeister’s on the same street to 
the north. The quality and the quantity of the brick maae is 
about the same in both of these yards. The same kind of 
brick is also made from the same material by Mr. Charles 
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Samuels, near the junction of Cedar and Star streets, and by 
Fuller & Shoemaker near the crossing of Cedar and Highth 
streets. Each burns about 300,000 bricks in a season. Mr. 
George Christopherson has a yard east of Mad creek on Sec- 
ond street and makes some 200,000 bricks in a season, using 
both the calcareous silt under the Illinoian till and loess, and 
making some white and some red brick. Brick and tile have 
been made for the last twenty-five years on the property now 
cwned by Mr. J. W. Fuller, at West Liberty, southwest of the 
city. The clay used is a loess, rather more ferruvinous than 
the loess at Muscatine. The brick is moulded by a Johnson 
Krieger soft mud machine, and dried under shelter. Some 
are burned in an open kiln and some in a down draft kiln 
which is also used for burning the tile. The usual output is 
500,000 brick and 100,000 tiles. 

The brick industry is thus represented by ten firms. These 
employ about thirty-two men during the summer season, and 
have a total cutput of about 5,000,000 a year. The price of 
the brick ranges from $5 to $6 per 1,000, and the total value 
of the brick made in a year is estimated to be about $27,000. 

During the last few years about eight miles of streets have 
been paved with brick in the city of Museatine. Most of the 
brick so used have been brought from Buffalo, in Seott 
county. Some have been importedfrom Galesburg and some 
shipped from Des Moines. 


WATER SUPPLY. 


The water works in Muscatine is owned by the Muscatine 
Water Works company. The first building of their plant was 
erected in 1875. At present there are twelve miles of water 
mains, from six to sixteen inches in diameter, with 117 
hydrants. A reservoir is located on West Hill, and has a 
capacity of 2,000,000 gallons. The bottom of this reservoir 
has an elevation of 185 feet above low water in the river. 
The ordinary supply is furnished by pressure from this res- 
ervoir, but direct pressure can also be used. There are two 


~ty 
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pumps, run by two low pressure condensing engines. The 
full pumping capacity is 5,000,000 gallons in twenty-four 
hours. The water is taken from the Mississippi river through 
a conduit which extends 700 feet out into the river. No filter 
has yet been found necessary. Should it prove desirable, 
artesian water may be obtained in this city at a depth of from 
900 to 1,100 feet. It may be expected to rise some seventy- 
five feet above low water in the river. 

The water works at West Liberty are supplied from an 
artesian well, 1,768 feet deep, made in 1888. The water-bear- 
ing rock in this well is the Saint Peter sandstone and the 
Oneota limestone. A Dean duplex force pump is used to 
raise the water into a standpipe sixteen feet deep and 
twenty-four feet in diameter, the bottom of which is fifty feet 
above the ground. The quantity pumped daily is 75,000 gal- 
lons. There are twenty-nine hydrants and 330 taps in the 
city. Professor Norton states that in the amount of alkaline 
carbonates the water from this well exceeds that from any 
other well in the state.* An analysis made by Floyd Davis 
gives the solid contents of this water as follows:t 
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The town of Wilton had an artesian well made in 1891 and 
this now furnishes a sufficient quantity of pure water to its 
inhabitants. The main supply comes from the Saint Peter 
sandstone. The water is now pumped into a tank and distrib- 


uted through two miles of water mains. About 56,000 gallons 


*Norton, Artesian Wells of Iowa, Iowa Geol. Sury., vol. VI, p. 282. 
+Norton, Artesian Wells of Iowa, Iowa Geol. Surv., vol. VI, p. 281. 
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can be pumped ina day. The water is said to be somewhat. 
laxative and diuretic, and beneficial in case of rheumatism. 
An analysis made by Mariner and Haskins, of Chicago, gives 
the solid contents as follows:* . 


GRS. PER 

U. S. GAL 
GaleiuimiCar DOMRES, Kins aes ver sesaele ee as crate eeecc ciate eb orateneneie ‘, 10.47 
Magnesium CAT DONATO. Sia cana hia tae eee eee Laan 6.45 
Sodium chlorides? oS.23 70M ibe odin aya tabe ate cress acotacstahe oie nape ee 18.56 
Sodium sulphate..........0...3. dere tolljae a stseie celts leteats Geen 33.45 
ironoxideandsa lumina sis < scat coe crete erat ten rina he charts Traces. 


On the uplands of the drift shallow wells take their supply 
from the base of the loess or from a sand under the loess, but 
farmers now very generaily have deep wells going down from 
100 to 300 feet, with pumps worked by windmills. In the 
west end of the county such wells average 150 feet in depth 
and draw their supply from sandy strata in the drift. In the 
east end some such wells extend down 300 feet and draw their 
supply from the upper part of the Niagara limestone. Along 
Mud creek some wells of nearly the same depth draw water 
from sandy strata in the lower part of the drift. On the West 
Liberty plain water is obtained from pumps, which are driven 
from twenty to forty feet into a sand under the surface loess. 
When such pumps go down more than thirty or forty feet, the — 
water is apt to have a strong mineral taste. On some low 
tracts around Nichols, temporary flowing wells have some- 
times been obtained by boring through the hardpan which 
covers the surface in such places. Below the bluffs east of 
the Cedar in Moscow township, and west of the Mississippi in 
Fruitland and Seventy-Six.townships, there are frequent 
springs from the drift. Some of these are copious, and’ most 
of them never dry up. In a few instances the water from 
these springs is conducted through pipes into the farmhouses, 
and along the Burlington wagon road, west of Muscatine, the 
flow is frequently conveyed into high troughs convenient of 
access to wayfarers. On Muscatine island water is every- 


*Norton, same place. 
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where obtained at shallow depth, mostly by drive-pumps. 
The supply is so copious that it is pumped by engines in dry 
seasons for irrigating the melon crop. 

- Water Power.—At Pine Creek mills Mr. Michael Missel 
owns a flour mill which is partly run by water. The power 
wheel is a twenty-six-horse-power turbine. ‘The dam in the 
creek is seventeen and a half feet high. Steam power is also 
used, the water being sufficient to run the mill for about half | 

the time during the year. 


NATURAL GAS, 


A tract of some small gas wells is found just to the south of 
. this county. The gasseems to come from vegetation which is 
buried in the deep drift in that region. It has been found in 
some wells in the south part of Cedar and Seventy-Six town- 
ships in this county. The highest pressure observed here 
registered a little more than nine pounds on a steam gauge. 
The only instance where it has been utilized is on the farm 
belonging to Mr. C. Hadley, near the center of the south line 
of section 36 in Cedar township. The other places where gas 
was found in measurable quantity are on Mr. J. O’Brien’s 
farm, near the north line of section 26 in the same township, 
on Mr. J. Reed’s farm in the southwest quarter of section 15 
in Seventy-Six township, and on Mr. Lewis Eliason’s farm 
west of the center of section 31 in the same township. On 
the farm of Mr. W. B. Verink, near the center of the west 
line of section 14 in Cedar township, a slight escape of gas 
from a deep well, seventy-five feet deep, is yet noticeable. 
The quantity is not sufficient. to sustain a flame. In all of 
these wells the gas is reported as coming from a white sand, 
which in some instances is associated with peaty material and 
is covered by bowlder clay. Inflammable gas was also tapped 
some years ago by a well from a similar stratum in the drift 
on a farm near the southeast corner of section 7 in Fulton 
township. 
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SOILS. 


Genetically, the soils of this county may be classified as 
loess, terrace material, and alluvium. The first makes the 
soil of the drift plains, and covers about two-thirds of the 
area of the county. This is the typical Mississippi valley 
corn soil, for which crop it is admirably well adapted. It 
forms a rich loam of uniform texture, inclined to be somewhat 
sticky in low places, but loose and open on higher ground. 
On the flat lands in the north part of Fulton township, the 
natural drainage is slow, and some sections were by the early 
settlers for some time considered unsuitable for tilling. This 
land has proved to be particularly well adapted for barley, 
though other crops also do quite well. It is now as product- 
ive as the best farming land in the county, and well repays 
the cost of tiling, which on some tracts has been very expen- 
sive. On the sandy hills on the Illinoian drift plain, the soil 
is sometimes so light that it drifts and injures the crops. In 
a few places this drifting prevents cultivation. The flat lands 
from which these small, sandy hills rise, and which lie between 
them, usually have a very rich soil that yields excellent crops. 
On the high slopes bordering upon the bluff lines in the east 
end of the county the loess surface is in some places subject 
to erosion from heavy rains, and this cuts deep gullies that 
prevent further cultivation. This erosion is of course limited 
to small tracts, and usually begins on fallows used for: pas- 
ture. It is most common along the creeks and ravines in the- 
south part of Bloomington, Sweetland and Montpelier town- 
ships. 

On the west half of West Liberty plain the soil is like that 
of the uplands in texture, but it is usually deeper and con- 
tains a greater quantity of mould. Over several sections of 
land under the bluffs of the Kansan drift plain there were 
formerly extensive marshes and peat bogs. These have been 
drained by ditches and now yield rich crops of corn and other 
grains. Ona few low places there is sometimes found a hard- 
pan that is apt to interfere with the under drainage in wet 
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seasons and cause the soil to bake in times of drought. Par- 
tially successful attempts have been made to remedy this by 
boring through the hardpan and letting the water down into 
the sand below. Over the greater part of Orono township, 
and on that part of the plain which is nearest to the Cedar 
bottoms, the soil is more sandy. The veneer of loess runs 
out in this direction, and the underlying sand forms a typical 
terrace soil. Corn, oats and rye are the usual crops on this 
land, but in Orono township melons and sweet potatoes are 
also extensively raised. As a corn soil it is inferior to the 
uplands. 

The bottom lands along the Cedar river are for the most 
part very fertile, but crops are occasionally damaged by over- 
flow. Some low tracts have been protected by levees, and in 
other places the drainage has been improved by ditching. 
Corn, small grain and hay are the usual crops. The most 
productive soil in the county is probably to be found on some 
of the alluvial fans under the bluffs of the Mississippi river. 
These are frequently covered by a deep black loam, which 
yields from eighty to a hundred bushels of corn to the acre 
in good seasons, and on which failures are unknown. The 
soil on Muscatine island is entirely different, being coarser 
and sandy. Where the sand is coarsest and where the land is 
high corn cannot always be raised with profit. Nevertheless, 
this land has become very valuable in the production of 
melons, sweet potatoes and some other garden products. The 
Muscatine melon has become a staple article in the Chicago 
markets, and hundreds of carloads are shipped from this land 
every season. Some of the melon-soil in Fruitland township 
is really a gravel, but even this produces good or fair crops 
with favorable rainfall. The melon plant seems particularly 
sensitive to the conditions of the soil moisture, and a dry 
season prevents the melons from developing to their full size. 
Even the best melon land shows the effects of unfavorable 
weather, and the largest farms are provided with steam pumps 
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that irrigate the land from shallow wells, when rain is insuffi- 
cient during the growing season. 
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FOREST TREES AND SHRUBS OF MUSCATINE COUNTY. 
BY FERDINAND REPPERT. 


The timber area of Muscatine county is confined to the 
region along the Mississippi and Cedar rivers. Originally 
these forest belts were in the main unbroken and continuous 
along these water courses, and from four to six miles or more 
wide. Much of this area has been cleared of its timber and 
converted into farm and pasture lands. The original larger 
forest trees have almost disappeared, so that what is now 
seen are mostly ‘‘second growth’’ trees. There is very little, 
if any, timber cut for export or manufacturing purposes. 
There are frequent groves on the prairie farms, planted to 
protect the houses and live stock from wintry blasts. The 
soft maple (Acer dasycarpum Ehrh.) is the principal tree 
planted for this purpose; small groves of black walnut and 
evergreen trees are occasionally seen. The forest trees 
which most largely contribute to the timber supply are the 
white oak (Quercus alba L.), bur oak (Q. macrocarpa Michx.), 
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shell-bark hickory (Carya alba Nutt.) and mocker-nut hickory 
(C. tomentosa Nutt.). A few other species contribute more or 
less to the wood supply, but the six species above mentioned 
largely predominate. 

Clematis virginiana L. Virgin’s bower. Woody at the base. 
Climbing over shrubs, ete., twelve to fifteen feet or more. 
Borders of woods and thickets; frequent. j 

Menispermum canadense L. Moonseed, yellow parilla. 
Smooth, shrubby vine, eight to ten feet or more. In alluvial 
soil along streams, etc.; frequent. 

Berberis vulgaris L. Common barberry. Shrub four to 
six feet high, cultivated as an ornamental shrub; sparingly 
spontaneous. 

Mibiscus militaris Cav. Rose mallow, hibiscus. Plant three 
to four feet high, soft woody near the base; flowers large, 
flesh-colored, darker at the base, handsome. In alluvial soil 
along rivers and streams; frequent. 

Tilia americana lL. Basswood, white-wood. One of the 
larger forest trees in all rich woodlands. ‘Not common; most 
frequent along the Cedar river. The flowers yield nectar 
abundantly; July. 

Xanthoxylum americanum Mill. Prickly ash. In rock and 
sandy woods; frequent; shrub six to ten feet high; prickly 
and pungently aromatic. 

Ptelea trifoliata L. Wafer-ash, hop-tree. Shrub eight to 
twelve feet high; in dry soil, borders of woods, etc.; infre- 
quent. 

Celastrus scandens L. Climbing bittersweet. A twining 
shrub, climbing over shrubs and small trees in open woods 
and thickets; not rare. 

Euonymus atropurpureus Jacq. Wahoo. Shrub five to ten 
feet; in moist woods; frequent. 

Rhamnus lanceolata Pursh. Buckhorn. Borders of woods 
and in thickets along Cedar river; infrequent. 
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Ceanothus americana L. Red-root, Jersey tea. Small, 
shrubby plant about two feet high; dry woodlands and sandy 
prairies; common. 

Vitis cinerea Engelm. Downy grape. Along the Missis- 
sippi and Cedar rivers; not so common as the next. 

Vitis riparia Michx. River-bank grape, wild grape. In 
all woodlands, thickets and fence rows. 

Ampelopsis quinquefolia Michx. Virginia creeper. A com- 
mon vine in all rich woods; also planted about dwellings for 
shade and ornament. In a general way it resembles the 
poison ivy, from which, however, it is readily distinguished 
by its leaves, which are composed of five leaflets, while those 
of the poison ivy are of three leaflets. 

Acer saccharinum Wang. Hard maple, sugar maple. Medium 
to large sized trees; most frequent on the bluffs along the 
Mississippi river. 

Acer dasycarpum Ehrh. Soft maple, silver maple. One of 
the largest trees; most frequent along the Mississippi and 
Cedar rivers. Largely planted for groves on the prairies and 
for shade along the streets. : 

Negundo aceroides Moench. Box elder. A small tree fre- 
quent along streams, also planted for shade, and very desir- 
able where large trees are not wanted. 

Staphylea trifoliata L. Bladder-nut. Shrub eight to ten 
feet, in moist woods; not common. 

Rhus glabra L. Common sumac. Common in dry soil, four 
to six feet, sometimes tree-like ten to twelve feet or more. 

Rhus toxicodendron L. Poison ivy. Climbing trees, also 
occurring in fence rows and thickets. -It is frequently low 
and spreading along the ground; common. By contact it pro- 
duces very disagreeable skin poisoning in many persons. 

Rhus canadensis Marsh. Sweet sumac. Shrub three to 
four feet, in sandy soil, often forming broad clumps; rather 
common. 

Amorpha canescens Nutt. Lead plant. In dry open woods 
and sandy prairies; quite frequent; two to three feet high. 
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Amorpha fruticosa L., False indigo. Shrub five to ten 
feet; frequent; banks of streams. 

Tephrosia virginiana Pres. Goat’s rue, cat-gut. Shrubby 
plant one to two feet; not rare; in dry soil and sandy prairies. 

Robinia pseudacacia L. Common locust. A small to medium- 
sized tree, along roadsides and borders of woods. This other- 
wise valuable tree is too subject to the ravages of the locust- 
borer, Cystus robiniw, a beautiful yellow-banded beetle com- 
mon on the flowers of the golden-rod in September. 

Cercis canadensis L. Red bud. Small tree twelve to twenty 
feet. Wooded hillsides along the Mississippi and alluvial 
sandy bottom lands of Cedar river; not frequent. 

Gymnocladus canadensis Lam. Kentucky coffee-tree. <A 
small to medium-sized tree, in alluvial soil along the Missis- 
sippi and Cedar rivers; not rare. 

Gleditchia triacanthos L. Honey locust. Medium to large- 
sized tree, often planted for shade and ornament. Some of 
the trees are quite thorny while others are almost or wholly 
thornless. 

Prunus americana Marshall. Wild plum. In woodlands along 
stream banks, etc.; frequent. ; 

Prunus chicasa Michx. Chickasaw plum. On Muscatine 
island near the sand mound; local. 

Prunus virginiana L. Choke cherry. Shrub or frequently 
tree-like, eight to twenty feet; in wooded ravines and borders 
of woods; frequent. 

Prunus serotina Khrh. Wild black cherry. A medium-sized 
forest tree, more or less frequent in all woodlands. 

Spirea salicifolia L. Meadow-sweet. Small shrub two to 
three feet, in wet soil along the Cedar river; not common. 

Physocarpus opulifolius Maxim. Nine-bark. Shrub three to 
five feet, in hilly woods along streamlets, etc.; infrequent. 

Rubus occidentalis L. Black raspberry. Frequent in thickets 
and fence rows. 

Rubus villosus Ait. Blackberry. Borders of woods, thickets, 
ete.; common. 
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Rubus canadensis L. Low blackberry. Trailing extensively 
in neglected fields and borders of woods; fruits sparingly. 

Rosa blanda Ait. Wild rose. Rocky, sandy soil; frequent; 
two to five feet high. 

Rosa arkansana Porter. Wild rose. Common in dry soil; 
one to three feet high. 

Rosa rubiginosa L. Sweetbrier. Along roadsides near old 
habitations; escaped from cultivation; not frequent. 

Pyrus coronaria L. Wild crab apple. ‘Tree, frequently 
twenty feet high, but generally smaller; often forming small 
thickets. 

Pyrus americana DC. Mountain ash. This has been found 
in one or two instances along the border of woods, where the 
seeds were probably carried by birds. 

Crategus coccinea L. Hawthorn, red haw. Border of woods 
and in thickets; frequent. 

Crategus coccinea mollis Torr. and Gray. Red haw. Com- 
mon; distinguished among our species by its large, bright 
scarlet fruit, one-half inch or more in diameter and edible. 

Orategus tomentosa L. Hawthorn, red haw. Not common. 

Crategus crus-galli L. Cockspur thorn. Cedar river region; 
not frequent. 

Amelanchier canadensis Torr. and Gray. Juneberry. Small 
tree fifteen to twenty feet; in hilly woods; frequent; seldom 
has much fruit, although the trees bloom freely in early 
spring. 

Ribes cynosbati Li. Prickly gooseberry. Hilly woods; not 
common: fruit prickly, 

Rrbes gracille Michx. Missouri gooseberry. In open woods, 
ete.; rather frequent. 

Ribes floridun L’Her. Wild black currant. Borders of 
moist woods; not frequent. . 

Cornus circinata L’Her. Round-leaved dogwood. Shrub 
six to eight feet; along Sweetland creek; infrequent. 

Cornus sericea L. Kinnikinnik. Wet banks, etc.; shrub, 
four to eight feet; frequent. 
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Cornus asperifolia Michx. Dogwood. Tall shrub, often 
tree-like, twelve to fifteen feet high; in sandy soil; frequent. 

Cornus alternifolia L. f. Dogwood. Tall shrub, or often 
tree-like, ten to fifteen feet high; hilly woods; frequent. 

Sambucus canadensis L. Commonelderberry. Along fences, 
borders of thickets, etc.; frequent. 

Viburnum lentago L. Black haw. Along woodland streams, 
ete.; shrub, or often tree-like, six to fifteen feet high; not 
common. 

Lonicera glauca Hill. Honeysuckle. Hilly woods and rocky 
ledges; frequent. 

Diervilla trifida Moench. Bush honeysuckle. Rough or 
stony hillsides at Wild Cat Den; local. | 

Fraxvinus americana Ll. White ash. Medium to large-sized 
trees; frequent, but becoming scarcer. 

Fraxinus pubescens Lam. Red ash. Creek bottoms; prob- 
ably infrequent; collected but once. 

Fravinus viridis Michx. f. Green ash. Along wooded 
streams; frequent; the most common ash. 

Fraxinus sambucifolia Lam. Black ash. Along streams, 
ete.; not common. 

Tecoma radicans Juss. Trumpet-creeper. Has escaped from 
cultivation more or less about old habitations. 

Catalpa speciosa Warder, and probably unintentionally with it 
C. bignonoides Walt., have been largely grown and planted, 
but no escapes have so far been noted. 

Ulmus fulvua Michx. Slippery elm. In rich woods; not 
common. 

Ulmus americana L. White elm. A very common and large 
tree in all river and creek bottom lands. 

Celtis occidentalis L. Hackberry. Along streams in low 
ground; not common. 

Maclura aurantiaca Nutt. Osage orange. Largely used for 
hedges; self-established specimens are seldom seen. 

Morus rubra L. Red mulberry. Small tree fifteen to thirty 
feet high; not common; more frequent along Cedar river. 
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Platanus occidentalis L. Sycamore. Often a large tree; in 
alluvial soil along streams; not common. 

Juglans cinerea L. Butternut. A rather small tree; rich 
woods near streams; not common. 

Juglans nigra L. Black walnut. In rich soil along streams; 
frequently planted along roadsides near farm houses; native 
trees of much size have become rare. 

Carya oliveformis Nutt. Pecan-nut. Infrequent; a few 
trees near Wyoming Hill, and in the ‘‘ big timber’’ below Mus- 
catine city, along the Mississippi. 

Carya alba Nutt. Shell-bark hickory. In all upland woods; 
the most common of the hickories; not many large trees exist 
any more. 

Carya sulcata Nutt. Big shell-bark hickory. In the ‘big 
timber’’ below Muscatine, and less frequently along Cedar 
river. 

Carya tomentosa Nutt. Mocker-nut hickory. Jn nearly all 
upland woods, and rather frequent. 

Carya amara Nutt. Bitter-nut hickory. River and creek 
bottom land; sometimes on upland; frequent. 

Betula nigra L. Red birch. A small to medium-sized tree 
along streams; rather common. 

Corylus americana Walt. Hazelnut. Common in open 
thickets and borders of woods; two to six feet high. 

Ostrya virginica Willd. Iron wood. Hilly woods frequent; 
small tree. 

Carpinus caroliniana Walter. Water beech. <A small tree 
along woodland streams; not common. 

* Quercus alba L. White oak. One of the most common oaks; 
not many of the larger native trees are left standing. 

Quercus macrocarpa Michx. Bur oak. Common in low and 
on high ground; very large trees not frequent. 

Quercus bicolor Willd. Swamp White oak. In low ground 
along streams; frequent. 

Quercus muhlenbergii Engelm. Chestnut oak. Hilly woods; 
not frequent. 
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Quercus rubra L. Red oak. A very common tree in all 
upland woods. 

Quercus coccinea Wang. Scarlet oak. An abundant upland 
oak. 

Quercus palustris Du Roi. Pin oak. Common in wet soil 
along the Mississippi and Cedar rivers. 

Quercus tmbricaria Mich. Shingle oak. A few small trees 
only in Cedar township. 

Salix nigra Marsh. Black willow. Along streams, a small 
to medium sized tree. 

Salix amygdaloides Anders. Black willow. With the 
former and very similar. 

Salia alba vitellina Koch. Yellow willow. Small tomedium 
sized tree with yellow branches and twigs; cultivated and self 
planted from detached twigs. 

Salix longifolia Muhl. Long leaved willow. Very common 
along the shores of the larger streams, six to twelve feet. 

Salix discolor Muhl. Pussy willow. Along the smaller 
streams and wet places; five to ten feet or more high. 

Salia humilis Marsh. Prairie willow. In dry soil, two to 
four feet high; not frequent. 

Salix cordata Muhl. Heart-leaved willow. Along streams, 
etc., five to ten feet high; frequent. 

Salix purpurea L. Purple willow. Bank of Mad creek, 
near Muscatine city, four to six feet high; local. 

Populus tremuloides Michx. Quaking aspen. A small tree 
in moist woods; not common. 

Populus grandidentata Michx. Large-toothed aspen. Medium 
‘sized tree, in rieh, moist woods; not common. 

Populus monilifera Ait. Cotton-wood. Along streams; fre- 
quently a large tree. 

Pinus strobus L. White pine. On rugged hills at Wild Cat 
Den, twelve miles above Muscatine; some of the trees still 
standing are two feet or more in diameter. 
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Juniperus virginiana L. Red cedar. Represented only by 
seragey specimens on rock ledges; Wyoming Hill, Wild Cat 


Den, ete. 
Note. 


Gray’s Manual, sixth edition, has been followed in the 
preparation of the above list. 

I wish to express my thanks here to Prof. T. H. Macbride, for 
help and suggestions, and to Prof. L. H. Pammel for compar- 
ing specimens of Cratewgus and Fraxinus, at the Missouri 
Botanical Gardens: and to C. R. Ball for determining speci- 
mens of Salix. 


From the loess described on page 358, the following fossils have been collected, (identified 
by Shimek): 

Helicina occulta Say. 

Valvata sincera Say. 

Polyogyra multilineata (Say) Pils. (?) 

Polygyra monodon (Rock) Pils. 

Strobilops virgo Pils. 

Bifidaria pentodon (Say) St. 

Pupa muscorum L. 

Cochlicopa lubrica (Mill) P. & J. 

Pyramidula alternata (Say) Pils. 

Pyramidula perspectiva (Say) Pils. 

Pyramidula striatella (Anth) Pils. 

Succinea obliqua Say . 

Succinea avara Say. 

Succinea ovalis Gld. 

Liamneea caperata Say. 
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INTRODUCTION. 


Scott county is not only one of the most populous and 
wealthy of the counties of Iowa, but it is rich also in geolog- 
ical phenomena of peculiar interest and importance. Although 
it comprises an area of only 447 square miles, there outcrop 
within its borders the consolidated sediments of various 
stages of three great geological series—the Silurian, the 
‘Devonian and the Carboniferous. In a number of localities 
_ these are of special industrial value, and furnish mines of 
coal and clay and quarries of building stone and lime. As the 
frontiers of three geological systems of indurated rocks lie 
within the county, so within the same narrow limits the bor- 
ders meet of three great sheets of drift, which record three dis- 
- tinct invasions of continental glaciers in late geological time. 
In various forms of topography, due to the action of different 
geological agencies, Scott county is equally rich. Unscored 
plains of alluvium and of glacial drift, past plains now 
maturely dissected by valleys of erosion, rocky gorges of — 
young rivers, billowy hills of frontal loess moraines, —all these 
varied contours give the landscape a diversity of beauty and 
a wealth of geologic interest. 

Few counties in Iowa offer better facilities for geological 
investigation. Fronting on the Mississippi and bounded on 
the north by the Wapsipinicon, the eastern and northern 
townships have been so far dissected by these master streams 
and their tributaries that numerous exposures are afforded of 
the indurated rocks as well as the unconsolidated Pleistocene 
deposits. The excavations made in the years since the early 
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settlement of the county have added to the natural sections 
of gorges, scarps and hillside ledges, many artificial geolog- 
ical sections in mines, wells, quarries, and railway cuttings. 

It is not strange, therefore, that Scott county long since 
attracted the attention of geologists. In the course of the 
early surveys of the Mississippi valley made by David Dale 
Owen* the geological areas of the county were roughly 
delineated, and fossils were described and eeu from Daven- 
port and Buffalo. 

The survey of Hall and Whitney+ describes accurately the 
‘“limestone of the Rapids of LeClaire,’’ and devotes twelve 
or more pages to the discussion of the higher rocks of the 
county. Out of thirty-eight species described by this survey 
from the Devonian, eighteen are listed from Scott county and 
six from the opposite bank of the Mississippi at Rock Island. 
Since that time the fossils of the county have been patiently 
collected and carefully preserved, as the fine cabinets of the 
Davenport Academy of Science, Rev. Dr. W. H. Barris and 
Mr. Asa Tiffany testify. Their rich fauna has been described _ 
by Barris, by Hall, by Worthen, by Meek, and by Lindahl. 
Aspects of the glacial deposits of the county have been 
treated by McGee, McWorther, Pratt, Calvin, Bain, Leverett, 
and Udden, and of the older formations by Barris, sensi ih 
Calvin, Udden, Norton and Keyes. . 


Topography. 


The topography of Scott county is due to the. action of 
many forces acting through vast periods of time, and it is not’ 
always an easy matter to disentangle the complex causes of 
its various forms of relief. All topographic forms may be 
divided into two classes, those of construction and those of. 
erosion. To the former class belong the hills of the Iowan 
frontier, some aggraded valley floors, and the uneroded rem- 
nants of the drift plains. To the latter class belong all other 
reliefs in the county; for, with these exceptions, every hill 


*Rept. Geol, Surv. of Wisconsin, lowa and Minnesota, Philadelphia, 1852. 
+tGeol. of Iowa (Hall), vol. I, p. 73 seq, p. 278 seq. 1858. 
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and valley, every bluff and precipice, strath and streamway 
is due to the corrasion of running water in rill and river, to 
rain wash, and all the various processes known as weathering. 


CONSTRUCTIONAL RELIEFS. 


Iowan Drift Plains.—In northeastern Iowa there is associ- 
ated with the Iowan drift sheet a topography which is strik- 
ingly distinct and in part entirely unique. There is the 
bowlder strewn drift plain, with its gentle undulations, its 
sags and swales due to initial inequalities in the ice-moulded 
surface of the till, its drainage so immature that storm water 
lingers upon it in sloughs and shallow lakelets, its soil peaty 

and black because of the rapid accumulation of humus con- 
sequent on the comparative inefficiency of the agents which, 
in mature districts, remove it almost or quite as rapidly as it 
forms. The: Iowan drift plain is but slightly represented in 
Scott county. It comes well down to the Wapsipinicon flood 
plain on the Clinton county side, but to the south of the flood 
plain it occurs only in a narrow belt in the northern part of 
Winfield and Butler townships; and over a considerable por- 
tion of this belt, this drift-plain is in part effaced by the 
peculiar hills characteristic of Iowan areas which are next to 
be noticed. 

The Paha.—Paha are boat-shaped hills or long narrow ridges 
with northwest-southeast trend, and are composed in part of 
water-laid sand and silt and in part of ice-moulded till. These 
unique relief forms are found in Iowa and Illinois along the 
entire southern margin of the Iowan ice invasion. They are 
not confined, however, to the limit of its advance, but occupy 
a large part of the area of its southern extension, the ‘‘ land 
of the paha”’ as it has been termed by McGee* to whose first 
descriptions and interpretations but little has been added by 
later students. | 

The ‘‘land of the paha’’ lies largely to the north and west 
of Scott county, and the great paha hills and ridges of Cedar 


*Pleistocene History of Northeastern Iowa, llth Annual Rept, U. 8S. Geol. Surv. 
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and Jones are here but feebly represented. Still, the paha of 
the Iowan frontier, which stretches from the east bank of mud 
ereek north of Allen Grove, through Winfield and Butler 
townships, north of Donahue and Long Grove and through 
Walnut Grove, and on nearly to the Mississippi at Princeton, 
are typical in form, in orientation and in composition and 
structure. That the paha are hills of construction, and are 
not the wasted remnants of a once level upland, is best seen 
from a station a little to the south of their belt. Looking 
from such a station toward the south, the east, or the west, 
one sees everywhere a dissected upland carved into valleys 
and hills of erosion. Everywhere an even sky line, the 
original level of the upland meets the eye. But turning to 
the north thesky line changes. It undulates in gently convex 
curves which rise definitely above the surrounding region. 
The paha here overide the upland for a narrow zone along its 
northern margin. This is seen more clearly by contrast where- 
ever, as in section 26, Butler township, the paha are inter- 
rupted fora short distance and the upland descends unmodified 
to the Wapsipinicon flood plain. In some of the adjacent 
sections the paha abut against the steep northern edge of the 
upland, while in Winfield and Allen Grove townships, where 
the upland descends gently to the north, they are built in part 
upon it and in part on the Iowan drift plain which continues 
the gentle descent to the Wapsipinicon flood plain. But 
whether they occur on the bowlder dotted Iowan drift plain 
or override the margin of the loess mantled Illinoian upland, 
in all cases their contours and their trend are not under the 
control of any streams which might be supposed to have 
carved them out of an initial land mass. The paha are indif- 


ferent to any erosional divides. They may indeed form 
divides between streamways, but here the streams are under 


the control of the hills, and have been diverted from their 
arborescent courses to courses parallel, and with the north- 
west-southeast trend so characteristic of paha regions. Or 
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the paha may le athwart the natural divides, as in section 19 
of Butler and 24 of Winfield townships. 

In shape the paha may assume the forms of long, low 
swells, sometimes simple and comparatively even topped, but 
usually complex and lobate, the crest line rising in long, boat- 
shaped. summits, and falling in low, broadly concave cols. Of 
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Fria. 44. Paha near St Ann’s church, northeast of Long Grove. 


these the Saint Ann paha (Fig. 41), north of Long Grove, is 
an example. Again, the dolphin-backed eminences may be 
more distinctly individuated and form separated hills, of which 
several may be strung along a common axis. An illustration 
of this form is offered in the paha of Allen Grove township, 
‘section 23, (Fig. 42.) Associated with a change of com- 
position from loess to sand occurs a third variety, a narrow 
range of short, more or less detached, hummocky hills, with 
steeper slopes and rounded or somewhat peaked summits. 
Paha in section 19, Butler township, will serve as illustra- 
tions of this type. A fourth variety is found in the high and 
massive ridge of sand and loess which stretches for nearly 
four miles along the Wapsipinicon flood plain, in Princeton 
township. The ridge is crested with dune-like hummocks 
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Fia. 42. Paha north of Allen Grove. 


(Fig. 43), grassed or forest-covered, but with barren patches 
here and there of wind-blown sands. Between these hum- 
mocks, or between the ridge and the [linoian upland, several 
shallow ponds occur, a few acres in extent, fed through 
springs by the storm water which falls on the surface of the 
adjacent hills. Much as this ridge resembles a region of 
dunes, its position, its alignment, its composition, and its 
structure refer it to the class of the paha. , 
Within the area of the Iowan drift, and well down into the 
Wapsipinicon flood plain, there occur in Winfield and Butler 
townships, as in section 18 of Butler, long, narrow, parallel 


Fia. 48. Sand hills on Iowan frontier, Princeton township. 
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sandbars with pahoid trend which, perhaps, belong in the 
same category. 

All these constructional forms so far described belong to 
the region which has been associated with the invasion of the 
Iowan ice. But they occur far to the south of the Iowan area. 
In the southwestern part of the county near Durant, in sections 
32 and 33 Cleona township, low rounded hills separated by 
broad swales are found, which have ev ery appearance of paha. 
Their structure is probably the same as that of an isolated 
hill, just across the line in Muscatine county, transected by 
the C., R. I. & P. Ry., in which a nucleus of till is covered 
with rater: laid deposits — eravel, sand and loess. 

 LIllinoian and Kansan Drift Plains.—Beyond the Iowan 
frontier the topography of Scott county may be described as 
that of nearly level upland plains more or less dissected by 
erosion. All the valleys and hills in these plains have been 
carved by weather and water; but their initial flat surfaces 
were surfaces of construction, and these in places remain but 
little changed. Instructure they consist of glacial till covered 
with loess. Thickening toward the Iowan frontier and toward 
the Mississippi river, the loess forms a mantle of fairly uniform 
thickness over the remainder of the area. Since it wraps 
about the hills and descends into the flood plains of the valleys, 
the initial features of these plains cannot be attributed to it 
but to the glacial till beneath. This argument is supported 
by the fairly uniform and slight thickness of the loess over 
areas as yet undissected. We may then conceive of the 
country south of the Iowan drift sheet as once covered by 
approximately level constructional plains of glacial till, which 
have been since deeply eroded in places and still later covered 
with the loess mantle. 

The slopes of these plains may easily be restored. In the 
northwestern part of the county lies a now maturely dissected 
upland which extends south to within a mile of New Liberty 
and to within about the same distance of Round Grove, thus 
occupying the greater portion of Liberty township. While no 
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flat topped areas remain on the divides, the rounded summits 
of the ridges fall into a plane lying from 800 to 820 feet above 
sea level. This we may designate as the Kansan upland, since 
it is carved in the Kansan drift sheet and its loess mantle. 
The upland extends north to Yankee run in Cedar county, and 
slopes gently toward the southeast from an elevation of about 
880 A. T., which it reaches southwest of Lowden. In Cedar 
county the Kansan upland merges by imperceptible degrees 
of lessening erosion into a plain, which stretches south of 
Bennett and crosses the west line of Scott county from New 


Liberty southward. In Scott county the division is marked, 


the maturely dissected upland overlooking the plain from an 
elevation of about twenty feet. In the neighborhood of New 
Liberty the plain stands at a height of about 800 feet A. T., 
and here one or two sections remain uninvaded by drainage 


channels. Going south, however, channels multiply and’ 


deepen, until within two or three miles from New Liberty 
tabular divides of any extent have disappeared and the district 
has practically been reduced to slope. The level tops of the 
remaining ridges still indicate the initial surface, which thus 
is seen to decline southward to about 740 A. T., where it over- 
looks Mud creek. 

Across the vailey of Mud creek lies a loess-mantled drift- 
plain, which extends thence south and west tothe Mississippi 
river, occupying thus about three-fourths of the area of the 
county. ‘This we may call the Illinoian drift plain, since it is 
supposed to represent the drift deposited by a lobe of glacial 
ice here moving westward from the region of Illinois. Over 
much of the area the plain remains flat and featureless. Even 
its edges along the Mississippi river are tabular areas repre- 
senting old plain surfaces. Thus the slope of the plain may 
readily be reconstructed, after allowing for the varation in the 
original thickness of the loess cover. The present surface 
stands highest at the north, about Eldridge at about 800 A. T., 
and at the south, on the high prairie about Blue Grass, at 
nearly the same elevation. Between Blue Grassand Eldridge 
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runs a central sag at 740 A. T., west of Mount.Joy; and level 
tracts at this elevation extend to Davenport, to Le Claire and 
to Maysville. The Illinoian plain, as it approaches the Mis- 
sissippi in Buffalo township, dips toward the river with a slope 
perceptible to the eye. Toward the Wapsipinicon there is 
~also a short northern slope best seen where, in a few places, 
the Iowan paha are absent. McGee* has noted the slopes 
which, on either side of Duck creek, dip toward that central 


axis. All these slopes are constructional and ER due,” ). 


_ to the erosion of the present streams. 

At one point the Illinoian topography crosses the broad 
channel of Mud creek. In the southwest corner of Cleona 
township, extending into Allen Grove, lies a broad shelf at 
from 720 to 740 A. T., about forty feet above the Mud creek 
flood plain and as much below the adjoining hills of the Kansan 
upland. Upon this lies a low loess ridge parallel to the channel — 
of the creek, suggesting an embankment upon a current-cut 
terrace. This shelf overlies, it may benoted also, the deep 
preglacial channel of ‘‘Cleona river.”’ 

Fluvial Plains of Aggradation.—Constructional relief forms 
built up by deposits of rivers are of marked extent in the 
county. The flood plain in the ancient channel now occupied 
by Elkhorn and Mud ereeks, and the far larger flood plains of 
the Wapsipinicon are examples which may be more con- 
veniently described under the drainage of the county. - 


EROSIONAL RELIEFS. 


~ Causes and Conditions. —The Iowan frontier separates, as we 
have seen, two essentially different topographies. To the 
north the land is modeled, to the south it is carved. To the 
north the hills are heaped and moulded, to the south they are 
hills of cireumdenudation, remnant hills left by the removal 
of material by the wash of rains and the cutting of streams. 
Carved out thus by running water, the summits conform every- 
where to the divides, and have no more definite alignment or 


*11th Ann. Rept. U.S. Geol. Surv., p. 405, 
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orientation than that imposed by the initial slopes of the drift 
plain and the consequent courses of the streams. Outside the 
Iowan drift the diversity of aspect of different sections of the 
county depends, then, on the degree of erosion which any 
section has suffered. This is under the control of several 
causes, the most important of which are age, material, near- 
ness to local base levels of erosion and initial height above 
them. | 

Since erosion is a constant process, since creeks and rivers 
are unceasingly cutting down their beds and conveying the 
wash of the hillsides to the sea, the longer the time since they 
began their work upon any district, the: more will they have 
accomplished, the more severe will be the erosion of the 
district, and the further advanced will it be in the cycle 
through which topographic forms flow under the agencies of 
destruction. Conversely, the younger any district is, ¢. ¢., the 
shorter the time since it received its initial form, the less must 
it have suffered from erosion. In the earliest stages of the 
cycle of destruction, an originally level or nearly level tract 
will have but few streams, and these will have barely incised 
their channels into theland surface. Their branches will be few 
and short. Large areas will remain undrained, and here ‘and 
there storm water will gather in original inequalities of the sur- 
face, forming lakes, ponds, marshes and swamps. No district 
in Scott county south of the Iowan frontier presents these 
characteristics of the first stage in the sculpture of the land. 
With the lapse of time and the unceasing work of running 
water, the chiseling of the land is carried forward to another 
Stage with different and equally defined characteristics. Lakes 
and marshes have now been filled and drained. Streams have 
cut their channels deeper and now run, at least in their lower 
courses, in steep-sided, V-shaped valleys. Their affluents are 
more numerous and have pushed their head waters by retro- 
cessive erosion back far into the areas originally undrained. 
Flat-topped remnants of the original plain are still left on the 
divides. Hills are wider still than valleys, and more of the 
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land mass remains than has been cut and carried away. An 
advanced stage may be seen when the work of erosion has 
gone so far that the original land mass is thoroughly dissected, 
when the divides have narrowed into ridges, and of these 
perhaps only those at greatest distance from the master 


streams still touch the initial plane. The whole county has © 


been reduced to slope. Later stages than this need not be 

mentioned, since they find no illustration within our area. 
With this brief word indicating the changes which time 

brings about on the face of the land as it advances from 


infancy to youth and to maturity, we may scarcely more than | 


enumerate the other factors which have wrought out the 
physiognomy of the county. Of these elevation is a factor 
of prime importance. The work of the stream depends upon 
its energy—the energy of molar motion which is dependent 
on gravity. The higher the fall, the greater the power. The 
more elevated the district, the swifter will be its streams, 
the more energetic their corrasion, and the sooner therefore 


will the district reach any given stage in the erosional pro- — 


cess. High uplands may therefore be maturely dissected, 
while low initial plains as old in years linger still in their 
topographic infancy. 

Relative hardness of material and distance from local base- 
level are concomitant causes, accelerating or retarding the 
normal processes of erosion. -The softer the terrane, the more 
easily it is carved and the more rapidly does it pass through 
the stages in the cydle of destruction; while the harder the 
terrane, the longer will it linger in each successive stage of 
the process. Other things being equal, horizontal nearness 
to base levels implies in the earlier stages of the erosional 
eycle streams of relatively steep gradient, swift and of great 
- corrading energy, while distance from base levels implies 
slight gradient and slow streams of little eroding power. 

Illustrations of these laws of earth sculpture are everywhere 
at hand in Scott county. The scenery of every creek teaches 
the topographic effect of nearness or distance from the base 
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level of the master stream. Take, for example, the Black 
Hawk. South of Davenport the stream debouches upon the 
flood plain of the Mississippi between bluffs about 150 feet 
high. Their sides are complexly lobate, furrowed deeply with 
ravines, and are often too steep for profitable agriculture. 
Naked scarps of yellow till and loess show where the creek 
swings against the side of the bluff and saps it.. Roads are 
diverted here from. rectilinear courses to secure easier 
gradients. But with each mile of distance from the base level 
of the Mississippi, the height and steepness of the hills along 
the Black Hawk diminish, until in about five miles, the 
traveler on the B., C. R. & N. Ry. finds himself on a plain flat 
as a floor and searcely scored by drainage channels. Now, 
in age,.in elevation, and in hardness of the strata the high 


prairie at Blue Grass is practically the same as the rugged — 


country of the lower Black Hawk. It differssimply in distance 
from the base level of the Mississippi and in the exemption 
from erosion which that distance has so far insured. Thus 
also the traveler going north from Davenport on the C., M. 
& St. P. Ry., in about five miles leaves behind the deep and 
complex pinnate valleys along the Mississippi and reaches 
the level tracts around Mount Joy. The same change is 
accomplished in still less distance in going west from the dis- 
sected margin of the upland at Le Claire, and also south from 
the Wapsipinicon in the eastern part of Butler township. 
The influence of the relative hardness or softness of ter- 
ranes is illustrated in the soft toess-silt; the yellow loam 
which everywhere covers Scott county except within the 
Iowan frontier and on the river bottoms. Loose textured as 
is the loess, the fact of its presence is proof of the recency of 
its deposition. So easily is it eroded that, were it of any con- 
siderable age, geologically speaking, it must long since have 
been washed away to the sea. Indeed, most of the valleys of 
the county were cut before the loess was laid down, as may 
be seen from the fact that it descends the hillsides well down 


to the creek bottoms. Where the loess is of considerable 
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thickness, and especially where it was deposited on country 
already deeply eroded, there obtains a most intricately dis- 
sected relief, which is best seen on the Kansan upland about 
Big Rock. Here the channels of the permanent streams and 
their primary and secondary ravines are cut in older and 


heavier deposits, but the ultimate branches, the twigs of the | 


erosion system, are cut largely or wholly in the loess. These 
are often so close that it may be said that no room exists for 
another. In form they are often spatulate, the broad and 
comparatively shallow bowl of the spoon lying well up toward 
the crest of the upland. The ravine constricts, however, as 
it descends, and opens into the ravine to which it is tributary 
by a narrow gateway. Sometimes the bowl has deepened and 
forms a little cirque, in which occasionally a tiny grove is 
growing. The spatulate form is normally developed wherever 
a layer of softer material overlies one of greater resistance. 


The stream, whether a permanent one or merely the occa- 3 


sional course of the water of rains, cuts through the weaker 


bed and reaches the lower, harder bed first, in its middle or 


lower track. Here, its down cutting is delayed by the greater 
resistance it meets. The grade of the stream above is thus 
lowered, since it cannot be cut below the point of passage 
over the harder stratum. Erosion spends itself, therefore, 
above this point, in-widening the valley or the gully. Spatu- 
late ravines in process of formation show a ravine bifureating, 
rarely trifurcating, toward the crest. These upper branches 
widen and at last cut into the neighboring branches, while the 
stem ravine is deepening its bed. Loess gullies usually begin 


where the slope of the hillside is steepest, and this, on convex, 


slopes, is in the central portion. Here, down cutting is most 
active, while above this portion, where the slope is more gen- 
tle and less water is at work, the effect of rain wash is more 
toward sheet erosion. On long slopes, less steep, there are 
developed ravines of corresponding length, separated by nar- 
row, lingulate lobes. These tongue-like divides descend with 
a gentle and fairly uniform grade to near the floor of the 
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trunk valley, where their slope becomes more steep, The 


obtuse angle thus formed may express a change from a 


weaker stratum above to a more resistant stratum below, as 
from loess to till, or from till to rock. Or it may express 
simply the more active erosion, the more apie down cutting, 
going on in the trunk valley. 

On well kept farms the extreme twigs of loess erosion stems 
are not allowed to develop, but so soft is the silt and so 
rapidly is it cut down by rain wash, that eternal vigilance is 
the price of ungullied hillsides. When constant watch has 
not been kept the lobes of the hills are most closely ribbed, 
or, if the disaster is recent, they are disfigured by close par- 
allel gashes (Fig. 44). The beginnings of trouble may be 


Fra, 44. Characteristic 1 ess-gullies, and even sky line of Illinoian plain; 
Princeton towaship. 


seen on hillsides in pasture, where, in a season of drought, 
the grass has here and there been trodden out. In such spots 
the loose loam, .now unprotected by its mattress of grass, is 
blown away by the wind or washed out by an occasional rain, 
so that slight pittings of the surface are the immediate 
result. The heavy rains of fall and spring deepen these 


depressions into gulches where the grade of the hills is great- 
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est, 7. é., on the central portion of the slope. This may coin- 
cide with a loess-mantled shoulder of till, so that a system of 
loess gulches is often seen to start on a line with the summit 


of Kansan till exposed in the roadway. 


The ready corrasion of the loess is best seen on the kideher 
hillside roads. Here a wagon rut soon cuts to a miniature 
canyon a few inches perhaps in width but several feet deep, 
and, in two or three seasons an unmended road becomes 
impassable. 

Elevation as a jection! in topographic form is better illus- 
trated by comparing Scott county with outside areas, than by 
comparison of different districts within its limits. 

Recent as are the superficial deposits of the county, in which 
its relief is for the most part worked out, the youthful ° 
expression of the face of the country is due largely to its low 
altitude above the local base levels of the master streams. 
The Illinoian plain descends to within about 150 feet of the 
Mississippi at the south, and to within 100 feet of the Wap- 
sipinicon flood plain at the north. The higher levels of the 
Kansan plains and uplands lie about 150 feet above the latter 
datum. So slight are the local differences that we have not 
succeeded in disentangling any special topographic features 
due to these rather than to othercauses. But bycomparison 
with other regions it may be seen that, with equal age, had 
any considerable elevation been given the county, its streams, 
instead of moving sluggishly over muddy bottoms in shallow 
valleys, would rush and cascade over,the rocks into which 
they had deeply cut their gorges, and there would have 
resulted a‘rugged region, more picturesque indeed than the 
present, but far less suited to the needs of man. 

We have seen that, other things being equal, the 
topography of any region varies with its age. Using, there- 
fore, this delicate test, there have been discriminated in Scott 
county three topographic areas of different age, the Lowan 
area, the Illinoian plain, the Kansan upland. The narrow belt 
south of the Wapsipinicon bottoms, designated as the Iowan 
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area, is one of extreme youth. Hrosion has had time to make 
few changes in it as yet, and it remains substantially as laid 
down by the Iowan ice and its attendant waters. 

The Illinoian.--The Illinoian plain is evidently older than 
the Iowan. Its surface is, at its margin, deeply carved. 
Even in the interior, about’ Blue Grass, Waleott, Mount Joy 
and Eldridge, rainwash and storm water have swept out broad 
shallow depressions which have drained any ponds which once 
may have existed. No sedgy Iowan sloughs are here found. 
But the Illinoian plain stillis young. THrosion has, for the 
most part, only nibbled at its edges. Even to its margins, 
overlooking the two master rivers, remnants of the original 
plain surface are left. The mesa-like tops of these outermost 
salients are well seen in the level streets of that portion of 
Davenport built on the bluffs, and unfortunately for the 
builder and the taxpayer illustrations are not wanting in the 
same district of the sharp, steep bevels chiseled by stream and 
rainwash. Deep as are these complex, pinnate valleys along 
the margin of the Illinoian plain, everywhere the eye crosses 
the valley to find on the other side the flat-topped divide at the 


F Gc. 45. Tlinvian plain neir Buffalo, showing wide tabular divides: 
sinking u coul shaft. 
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-samelevel. If imagination refills the valleys with the material 
washed out from them, the initial plain is at once restored. 


Somewhat back from the river the divides are so wide that 


stations may be taken from which the valleys are invisible, 
and the original plain becomes a matter of vision. Even the 
valley of the Mississippi thus sinks out of sight, the bluffs in 
Illinois ranging their flat-toped summits in the same plane 
with those of Iowa. This phenomenon is sometimes startlingly 
distinct. The northern I[Jlinois asylum for the insane at 
Watertown, perched on the high bluffs overlooking the Mis- 
sissippi, forms an imposing landmark far up and down the 
great river. But from view points on the Iowa side north of 
Davenport, the castellated towers of the asylum apparently 
rise in the far distance from a level plain, which seems to 
stretch unbroken tothe observer. The youth of the Illinoian 
is seen also in the wide area of the interior scarcely as yet 
scored by erosion channels. The region stretching from Blue 
Grass to Mount Joy, Eldridge and Porter’s Corners, exhibits 
nearly the initial form of the upland plain out of which all the 
reliefs of the Illinoian area have been carved. To the eye 
much of it lies as level asthe flood plain of a great river. The 
horizon line is as even as that of the ocean. Indeed, riding 
over this prairie on a summer afternoon, one seems to be 
voyaging over asea of verdure. Level fields of corn and 
grain stretch away to the limit of vision. The distance lies 
hazy and blue, while here and there rise islands of darker 
green, the. planted groves of the farmsteads. The tabular 
area on which Blue Grass is situated is more than five miles 
long and from one to four miles wide, and within these limits 
the maximum relief is less than twenty feet according to the 
topographic maps of the United States Geological survey. 


From Green Tree Tavern one may travel north and west to 


Walcott for fourteen miles, and according. to the same 
authority he will not have changed his elevation above sea 
‘level more than twenty feet in the distance. | 


35 
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The Kansan.—The Kansan upland of Liberty township is 
much more completely dissected, and, therefore, may be held 
to be of greater age than the Illinoian plain. Valleys and 
ravines have invaded the entire area, covering it with arbor- 
escent lines of drainage. Divides once tabular have been 
worn back into convex typical ridges. The crest of at least 
the axial ridges retain the horizontality of the original plain 
out of which they have been carved. (Plate VIII.) The 
skyline is therefore for the most part even, but the heavy 
deposits of loess cause here and there slight sinuosities. 
With the lapse of time these crests will be broken down into 
cols and rounded summits, but that stage is far in the future, 
according to our common standards of measure. Roads gen- 
erally maintain their rectilinear courses over this rough 
country, the county commissioners making the best of the 
situation by cuts and fills. In several instances roads are 
laid out along the ridges and up the valleys. Railroads make 
use of the creeks as natural highways, the Burlington, Cedar 
Rapids & Northern railway using the south branch of Walnut 
creek, and the Chicago, Milwaukee & St. Paul railway the 
north branch. Another evidence of the age of this region is 
found in the well opened valleys of its creeks and their broad 
flood plains. These will be considered in detail under the 
topic of drainage. 

The Kansan plain immediately about New Liberty retains 
its original constructional features for the most part. Still 
no water stands upon it; slight depressions, water worn, 
everywhere leading away to the creeks. But south toward 
Mud creek it conforms in its erosion to that which Kansan 
plains elsewhere have. suffered under similar circumstances of 
altitude and distance from base level. 


DRAINAGE. 


Scott county occupies an angular space between the Mis- 
Sissippi and its affluent, the Wapsipinicon, the latter river 
constituting most of its northern boundary, and the former 


THE WAPSIPINICON RIVER. 4}] 


bounding it to the east and south. No part of the county is 
more than eleven miles from one or the other of these master 
streams. Disregarding its many meanders the course of the 
Wapsipinicon along the northern border is about twenty- 
seven miles, while the frontage on the Mississippi is about 
thirty-six miles in length. Yet something more than one-half 
of the county drains to the shorter course of the smaller 
river. The basin of the Wapsipinicon, which in Jones county 
is markedly narrow, widens in Scott and Clinton counties to 
twenty-five miles. | 

The Wapsipinicon River.—The different portions of the val- 
ley of the Wapsipinicon in Scott county show two distinct 
types. As it enters the county near Big Rock it leaves a flat- 
bottomed valley, three miles wide, whose rock floor has been 
filled to a depth of 300 feet, and enters a gorge some forty 
rods wide, within which the river swiftly runs over a rocky 
bottom, washing on either side the bases of precipices thirty 
feet high, and hills which rise 100 feet above the river. This 
gorge—one of the picturesque spots of the county—is less 
than a mile in length, and probably marks the position to 
which the river was once pushed over to the southwest, from 
its older track, by the Iowan ice. Beyond the gorge the river 
- again enters the open, level valley-plain, three miles wide, 
silt-filled to an unknown depth. Down this plain it sluggishly 
wanders with many meanders to the Mississippi, which it 
enters through several distributaries. From the terraces 
which mark the limits of floods of the present river, the allu- 
vial plain gradually rises some fifty feet to where it meets the 
boundary hills. Near the Mississippi, northwest of Prince- 
ton, these are high and steep, and descend to the plain by 
low ledges of rock on which talus slopes are as yet but little 
developed. Further to the west, in Winfield township, the 
line of demarkation is fainter, the Jowan drift plain merging 
into the Wapsipinicon bottom. With some sandy tracts and 
some lagoon ponds these bottoms comprise much fine and fer- 
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tile alluvium, unsurpassed as corn and grass lands in the 
county. 

Down this flood plain, evidently fashioned by another and 
much larger stream, the Wapsipinicon swings in easy curves 
whose inner radii are from fifty to seventy rods. Here and 
there are cut-offs and bayous. In Allen Grove township, in 
especial, the earlier meanders along which the county line was 
originally drawn have been mostly cut off, so that patches of 
Clinton county now lie on the south side of the river, while 
Seott extends its jurisdiction over tracts which once lay 
within the horseshoe bends to the north, but which are now 
eut off from the rest of the county by the present channel. 
Some of these old channels are not yet filled, and even in 
mid-summer droughts they convey perhaps one-fifth of the 
water of the river. According to the county maps these cut- 
offs have been so numerous as to imply a distinct change in 
the regimen of the river since the settlement of the county. 
An elevation of the region would lead the stream to thus 
shorten its course, aS would any cause which increased its 
erosive and transporting power. Of the possible causes the 
probable one, though it has not been tested by any local 
investigation, is that change produced by the plow and the 
axe which has affected all our streams, and which greatly 
increases their volume and energy in times of flood. . 

In Tiberty township the flood plain lies about seven feet - 
above ordinary stages of the river while the highest floods 
overflow a terrace twelve feet above the samedatum. In the 
same township, below the gorge already described, an isolated 
rocky hill stands on the flood plain, cut off from the hills of 
the banks by a wide and ancient channel now in cultivated 
fields. The affluents of the Wapsipinicon cross its wide flood 
plain in courses more or less diverted down stream. Thus 
Mud creek approaches its master stream to within a mile at a 
normal angle and then runs along it at this distance for some 
five miles, until the Wapsipinicon swings in to the right bank 
and picksit up. The lower courses of Jones creek, Lost creek, 
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Martin creek and Glynn branch have been rectified, and cross 
all or part of the flood plain in public or private ditches. 

Rock and Walnut Creeks.—The valley of Rock creek forms a 

natural frontier along part of the northern county line, the 
hills of the right bank rising from Liberty township. Rock 
outcrops at various points along the stream, as the name 
suggests, and especially near the village of Big Rock. The 
valley is wide and open above the village, with flood plains 
occasionally one-half a mile wide. Rock creek is about 
fourteen miles in length and maintains an unusually uniform 
' flow. It is the only creek in the county utilized for water 
power, and at Big Rock twelve feet of head is estimated to 
furnish fifty-two horse power Boe a flour and feed mill just 
across the county line. 

Parallel to the valley of Rock creek lies that of Walnut 
creek, the next affluent of the Wapsipinicon toward the south. 
The headwaters of its southern branch are gathered on the 

Kansan plain about New Liberty, at about 800 A. T. Enter- 
ing the Kansan upland and descending rapidly, it cuts through 
the drift and discloses the country rock at many places near 
the stream level, at about 700 A. T. In its lower course its’ 
valley widens to a flood plain as wide as that of Rock creek, 
and here it receives its northern branch which comes to meet 
it over a rich bottom land of still greater extent. At Dixon 
the valley narrows, and the stream has cut a scarp of forty 
feet in till and loess. Here the trench of the stream is about 
a rod wide and about twelve feet deep. A mile east of the 
village it enters the flood plain of the Wapsipinicon. 

Mud Creek.—The next tributary of the Wapsipinicon, Mud 
ereek, has the largest area of supply of any of the county 
ereeks. It is itself an insignificant stream, occupying near 
its mouth a trench four or five rods wide and six or seven feet 
deep. But it has a magnificent valley—first noted by 
Leverett, large enough for the Mississippi—. ¢., a broad flood 
plain from half a mile to more than a mile in width, marshy 
in places and with here and there a shallow pond. From 
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either side the hills come down into the valley with gentle 
slopes, loess covered, and loess also is found on the flood 
plain. No distinct banks are seen except where the creek now 
swings against the hills. Furthermore, the valley neither 
constricts nor ends at the head of the creek. It continues 
broad and spacious past Durant and Wilton to the great bend 
of the Cedar. From Durant southward it is occupied by a 
southward flowing tributary of the Cedar, called Elkhorn 
ereek. . 

The divide between the two creeks, three miles north of 
Durant, consists of an imperceptible rise in the flat bottom of 
the flood plain, and on it lie several. small ponds (Fig. 
46). Above Durant the valley divides, and the town is situated 


Fre. 46. Ancient channel of Mississippi river at the divide between 
Mud and Elkhorn creeks. 


on a long low ridge, an island in the ancient river which cone: 
filled these waterways. In this region of inosculating chan- 
nels, this river must have occupied a space from two to three 
miles across. Connecting with the great valleys of the Cedar 
to the south and the Wapsipinicon to the north, and through 
them into the Mississippi, connecting also through a short 
reach of the Wapsipinicon with a similar abandoned channel 


/ 
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extending up Brophy’s creek, past Goose lake, to the Missis- 
sippi at the mouth of the Maquoketa, this ancient river which 
flows by Durant cannot have failed to have received its share 
of the floods of waters which slowly moved southward in 
Pleistocene times within the Mississippi valley and in parallel 
channels. Certainly this great waterway was not fashioned 
by its present creeks. 

Each tributary of Mud creek traverses in its lower course 
a broad re-entrant of the ancient flood plain. Thus, that of 
the little creek that comes down past Maysville is a mile and 
one-half long and half a mile and more wide. It is believed 
- that these broad flood plains were filled from the main channel 
_ rather than aggraded by their own creeks. 

Other Affluents of Wapsiptnicon River.—East of Mud creek 
a number of short streams, Jones creek, Martin creek, Glynn 
branch, Mason creek and Contention branch, flow north into 
the Wapsipinicon over the LIllinoian plain and through the 
Iowan area. In the latter their northern courses are not 
sensibly diverted. Lost creek also rises on the Illinoian plain 
and flows eastward on the slope toward the Mississippi, until’ 
within hailing distance of the headwaters of Bud creek which 
continues its general direction eastward, it turns north, is 
diverted northwest by the massive paha ridge in sections 28 
and 29, Princeton township, and then issues forth upon the 
Wapsipinicon flood plain. The situation suggests the capture 
by Lost creek of the headwaters of Bud creek, but the 
unseored Illinoian plain along the divide does not bear this 
out. These creeks all flow in narrow valleys overlooked by 
the unworn tabular divides of the Illinoian plain. 

The Affluents of the Mississippi are of similar nature, creeks 
of steep gradient rising back on the prairie and flowing at 
first in shallow sags, in which crops are cultivated to the 
immediate streamway, gradually deepening their channels 
until they flow out on the flood plain of the Mississippi 
between walls of rock surmounted by steep and high bluffs of 
till and loess. Of these Spencer and Crow creeks are the 
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largest north of Duck creek, their courses being about ten 
miles in length. Duck creek rises near the Muscatine county 


line, on the level prairie between Walcott and Blue Grass, | 


and follows an apparently initial depression in the Illinoian 
plain, or in its loess cover, nearly due east to near its mouth, 
thus running parallel, but in the opposite direction, to the 
Mississippi for about seven miles. Most of this distance 
would be saved should a short, little creek west of Davenport, 
down whose valley run the tracks of the Chicago, Rock 
Island & Pacific railway, sometime cut through the col, less 
than twenty feet in height according to the United States 
topographical maps, which now separates their valleys. To 
north of Davenport the valley of Duck creek is shallow and 
"open, cut in loess and in till, but near its mouth it has cut 
its narrow way in rock whose precipices rise in places thirty 
feet in height. 


Black Hawk creek runs parallel to Duck creek, but falls_ 


into the Mississippi at the bend below Davenport. Owing ta 
a.local depression in the rock surface the lower valley is cut 
only in loess and till, although in places Carboniferous shales 
are seen near water level. The valley is utilized by the 
Burlington, Cedar Rapids & Northern railway as its gateway 
to Davenport, and the railway profile shows a descent for the 
little stream of 100 feet in somewhat less than three miles. 
Midsummer droughts leave water only in pools, while storms 
may make it a destructive torrent, washing away embank- 
ments and bridges. On reaching the Mississippi flood plain 
it turns southwest, hugging the river bluffs, and then, within 
about 160 rods of the river, turns northeast and continues 
this course for about a mile until it discharges at Fisherton. 

Buffalo, the southern township of the county, is drained by 
seven parallel creeks, from one to five or six miles long, which 
resemble Black Hawk creek in their courses to the flood plain 
of the Mississippi, except that for a mile and more back they 


flow over rocky bottoms and have made many vertical cut- 


tings in the Devonian limestone of the region. 
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The Mississippi.—For the first four miles of its course 
along the east front of Scott county the Mississippi traverses 
the wide alluvial flood plain of an ancient river now occupied 
on the Iowa side by the Wapsipinicon. At the mouth of the 
latter river the Mississippi divides its waters, sending a part 
through the bayous with which the distributaries of the Wap- 
Sipinicon inosculate, the main channel being diverted to the 
east by the sediment of the affluent. On this wide plain, to 
the eye as level as the sea, no rock is anywhere in view. 
But at Princeton the Mississippi enters a rock-cut valley 
searcely wider than the river itself. On either side the bluffs 
descend abruptly toa flood plain so narrow that room is given 
only for road and railway, and a street or so of the villages 


which are located along this portion of the river course. 


Ledges of limestone outcrop in the hills and extend to the 


water’s edge, and beneath, harassing the river in rapids. At. 


Smith’s island this gorge widens a little with the outcrop of 
weak Carboniferous shales. Below the island it constricts 
again with the reappearance of hard Silurian limestone. 
From Valley City to below the mouth of Duck creek the val- 
ley is more open, being nearly two miles wide at Watertown. 
On the right bank lies a beautiful and fertile flcod plain, more 
than a mile wide, consisting of alluvial silt with some stretches 
of sand spread over a current-cut terrace of rock. Midway 
this wider track there enters on the left bank the ancient 
river valley now occupied in part by Rock river. At Daven- 
port the Mississippi swings well in against the western bluffs, 


leaving Rock Island as a detached portion of this terrace 


flood plain separated from both the Iowa and the Illinois 
shores.’ On the same fluvial floor of rock, lying about twenty 
feet above the river and formed by lateral cutting and covered 
with a thin veneer of alluvium, stand the lower portions of 
Davenport. Below this city the bluffs retreat from the 
stream, leaving a flood plain a mile wide, but again sweep 
round to the river at Horse island above Buffalo, narrowing 
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the plain to about a quarter of a mile in width from this point 
to the county line. 

Terraces. —With the exception of this flood plain terrace the 
terraces of the Mississippi in Scott county are by no means 
conspicuous. In Davenport a narrow bench, about fifty feet 
above low water, is utilized by the Chicago, Rock Island & 
Pacific railway tracks. At Crow creek an indistinct terrace 
lies thirty feet above the flood plain, or about the same height 
as the bench at Davenport. Between Le Claire and Princeton 
. an ill-defined platform on the hillside occurs at about fifty feet 
above water level and in section 14S. W. qr., Le Claire town- 
ship, a broader terrace of buff sand reaches thirty-seven feet 
above the same datum, which may be referred to the Wiscon- 
sin sub-stage of the Pleistocene. 

Rock Island Rapids.—A topographical feature of special 
economic interest is the series of rapids extending from Le 
Claire to Davenport and known as the Rock Island rapids. 
For more than seventy years these rapids have been a 
notorious obstacle to the navigation of the river, and for 
nearly as long a time their improvement has received the 
attention of the government. The brief sketch appended is 
founded on reports of government surveys, especially those 
of Lieut. Robert E. Lee, 1837, Lieut. G. K. Warren, 1854, and 
Major Mackenzie, 1886. Rock Island rapids occupy astretch 
of the river fourteen miles in length and have a fall of 20.4 
feet at low water. Over the entire distance the bed of the 
river consists of rock deeply worn in pools and rising in ledges 
known as ‘‘chains,’’ which stretch across the stream from 
bank to bank, leaving originally a depth in places of only 
thirty inches, even in the channel, in midsummer droughts. | 
The portion obstructed by ‘‘chains’’ aggregates about three 
miles, leaving eleven miles of unimpeded navigation between 
the head and foot of the rapids: Over certain chains the 
difficulty was not so much the depth of the water as the narrow 
and tortuous channel and the swiftness of the current. The 
greatest measured velocity over any chain has been 8.36 feet 
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per second. The location of the chains is shown on the 
accompanying map. The geological formations to which they 
are assigned are as follows: 


MEUM PEL CHAIN: 1 Kt sraeyer eciiels sais shojerskoseysseve Le Claire limestone 
SMADAYSHCH AID ewes cue err aedikaton he ey cu, sealer! Le Claire limestone 
SVCAMOPE CHE IN sor ricivie ciolets stars cle le plaleibie obs Le Claire limestone 
Crab island chain 3 a0 8 NE eed Mee hele Le Claire limestone 
Sti diguisvchainin fv ne sus ven RUA here Oe He a EG ? 
Campbell’s chain....., DRcLaptesacare crch Weed eae Laveen a ae Otis beds 
WANN OBA ONG DALI I cawlais crolste since Crate eralepiiee & = wake Nahe Otis beds 
Duck Creeks chain voici wa Uses aes 5 oes Lower Davenport beds 
Molime: chains g.)3as0 Sanit oc soe bine ee Lower Davenport beds 
ower chan (ir... vad sace | « tierra see Lower Davenport beds 


Up to 1886 there had been removed from these claims in 
deepening, widening and straightening the channel 87,926 cubic 
yards of material, at a cost of $1,166,650. About $350,000 has 
since been spent in the prosecution of the work, which is still 
in progress. * 

History of the Drainage.—The history of the rivers of this 
region is a long and complicated one, and no single county, 
perhaps no one state, suppliessufficient data for its exposition. 
Nothing further will here be attempted than to suggest the 
local problems involved, and their solution will be left to the 
results of a much more complete research. 

Scott county hes immediately to the south of the driftless 
area, and is separated from it by a narrow tongue of Iowan 
drift. In glacial times that area was bounded on both sides 
by the fronts of the lobes of great continental glaciers. It is 
possible that at one or more stages of the glacial epoch these 
lobes met to the south of the driftless area and thus inclosed, 
behind an ice dam, a sheet of water whose drainage would be 
over the confluent ice in the region of Scott county. Streams 
thus cutting their way.through the ice would be let down 
upon the land beneath regardless of its relief. There is a body 
of evidence going to prove that while the ice streams flowed 
from either side toward the central axis of the Mississippi, 
_they did not reach it concurrently in certain stages of glacial 


*Letter of Capt. O. D. Townsend, Upper Miss. Impr. Com. 
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history. At one stage the Illinoian ice crossed the Missis- 
sippichannel and invaded Iowa; at another the Iowan glacier 
carried the wave into Illinois. The effect of the migration of 
the fronts of these great glaciers must have been to push the 
river draining the driftless area sometimes to the west into 
Iowa and sometimes to the east into Illinois: 

Elevation and deformation are also factorsof which account 
must be taken. Deep river channels lying 130 feet below the 
present local base level] of the Mississippi can be accounted 
for only by a previous elevation of the region. Local evidences 
of deformation, such as warped terraces, may be looked for, 
closing some old channels and opening others. On the 
accepted theories of Pleistocene history we should expect to 

find in this region a complicated series of southward drainage 
channels, some deep and some shallow, some open and some 
closed, some rock-cut and some lying wholly in the drift. 

Some seven channels have been investigated more or less 
fully which confirm this expectation. Of these the channel 
now occupied by the Mississippi from Sabula to Clinton is one 
of the oldest. It measures from four to seven miles across 
from bluff to bluff, and the artesian well at Sabula found the 
fluvial floor of rock only at 163 feet below the level of the 
fluvial floor of the flood plain; ¢.e, at 419 A. T. Certainly a 
channel with so aged a physiognomy may be considered pre- 
glacial. 

It probably connects through the deep, wide, silt-filled val- 
ley of the lower Wapsipinicon with Cleona channel. ‘This is 
known to reach a depth of 400 A. T., and is at least between 
two and three miles in width. It is now completely filled. 
Hills stand above the old waterway, and its existence would 
not be suspected were it not for the deep wells of the region. 
These show the presence of several distinct tills in the old 
valley, and its date may safely be considered as preglacial. 

Goose lake channel and the channel which passes by 
Durant resemble each other closely. Each is now drained 
by small creeks, one flowing north and one south, separated 
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by a low, swampy divide. In each loess is deposited in 
places, and their age may be reckoned as pre-lowan. Each 
would accommodate the volume of the Mississippi, but, while 
Goose lake channel. would be filled by a rise of the great river 
of about seventy feet, a rise of 140 feet would be required to 
flood the other, according to the atlas sheets of the United 
States Geological Survey. This would even now be effected 
were the Mississippi blocked with glacial ice at Le Claire, 
together with the Marais D’Ogee channel. Durant channel 
follows closely the western edge of the Illinoian drift sheet, 
as has been shown by Leverett, its discoverer, who has traced 
its course southward to where it re-enters the Mississippi 
near Fort Madison. It is, therefore, reasonable to suppose 
that the line of the southern drainage of the region was held 
in this channel by the incursion of the Illinoian ice. 

A low, open, alluvial waterway extends from Fulton, 


. Ill., southeastward along the valley of Cat-tail creek and. 


~ connects with the broad flood plains of the Rock river. With 
the same flood plain connect the still broader bottoms, known 
as the Marais D’Ogee, which continue into Illinois the great 
valley of the Wapsipinicon. So recent is the occupancy of 
the Marais D’Ogee by the Mississippi, if not its original 


excavation, that the great river still sends a portion of its. 


waters at highest flood around by that eastern route, and a 
slight deformation would suffice to divert to it the entire 
river. | 

The present channel of the Mississippi from Princeton 
southward has already been described.. Any extended dis- 
cussion of its age would be premature. The narrowness of 
the. rock-cut channel, the absence of flood plains, the rela- 
tively steep gradient, the long stretches of rapids, all are 
_ features of topographic youth, and point to an age much less 
remote than that of the deep and wide, silt-filled channel 
above Princeton. It is evident that there has been a local 
rejuvenescence of the river from Princeton southward, and 
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Cleona channel supplies a more ancient path from which the 
river may have been diverted. 


{ 


STRATIGRAPHY. 
Taxonomic Relations. 


The subjoined table affords a conspectus of the geological 


formations of the county. The last column is subject to 


revision in the sub-stages of the Cedar valley and Gower. 
Those under the Cedar valley stage are not all very clearly 
made out; and those under the Gower are only retained as 
sub-stages provisionally, until it is seen whether work in other 
counties confirms the conclusion pretty surely indicated in 
Scott, that they are but lithological phases of contempo- 
raneous deposition. 


GROUP. SYSTEM. SERIES. STAGE. SUB-STAGE, 


Recent. Alluvial. 


Iowan. 
Sangamon. 

d Tilinoian. 
Cenozoic. Pleistocene. Glacial. Yarmouth. 
Kansan. 
Aftonian. 
Pre-Kansan. 


Residual Clays. 


Geest. 
Carboniferous. apes ot en Des Moines. 
ne Dielasma beds. 
Cedar valley. | Spirifer Par- 
Paleozoic. | Devonian. Mild ds sav ore hada Desde 
lan. Upper Davenport. 
aparaee Lower Davenport. 
Wapsipinicon: Independence. 
Otis. 
cheer ween é Anamosa. 
Silurian. Niagara. Gower. LarClaive 
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Geological Formations. 


SILURIAN. 


GOWER STAGE. 


The entire body of the Silurian rocks in Scott county 
belongs to the Niagara series. The lowest stage of the 
Niagara, the Delaware stage of Calvin, has not been recog- 
nized in the county, and all the Silurian limestones are 
referred to the upper stage, here termed the Gower. These 
limestones form the country rock over the northern and 
larger part of Scott county, their southern limit trending 
slightly northwest from Valley City to about five miles north 
of Durant. Exposures of the Gower occur in all the town- 
ships north of this line, except in Sheridan and Lincoln, where 
it lies buried deeply beneath the drift. 

There are two distinct lithological types of the Gower 
limestone. The pure, hard, crystalline dolomite free from 
chert and especially adapted to the manufacture of lime, 
known as the Le Claire limestone from its occurrence at the 
village of that name. The light-buff, granular dolomite, 
evenly bedded and extensively used for building stone, has 
been named by Calvin by the term long used in commerce, 
the Anamosa stone. These subdivisions have been ranked 
hitherto as distinct stages, but the evidence at hand does not 
seem to warrant any chronological separation. The terms 
Le Claire and Anamosa will therefore be used merely as con- 
venient designations of different lithological varieties of rocks 
of the same stage. Regarding both building stone and lime 

rock as practically contemporaneous, a name for the stage of 
their deposition becomes needful. None so appropriate sug- 
gests itself as Gower, the name of the township in Cedar 
county in which occurs many outcrops of both the Le Claire 
and the Anamosa stone, and in which are situated the famous 
Bealer quarries at Cedar Valley. 

The Le Claire Stone.—The Le Claire limestone is a practically 
pure dolomite, a double carbonate of lime and magnesia rep- 
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resented by the chemical formula of (Ca. Mg.) CO,. The 
normal ratio in pure dolomite is, calcium carbonate 54.33 per 
cent, magnesium carbonate 45.65 per cent. The following 
analysis of the lime rock at Le Claire by Dr. C. F. Chandler* 
shows not onlya close approximation to this ratio, but also the 


remarkable freedom of the rock from siliceous, ferrous and 


argillaceous impurities: 


Insoluble. silicates or SANG. os. aiaiediy aretetecs 00 ajee'ssc'ej oh venats 0.42 
Oxides of iron and alumina, s2., 0acs ce oon ope He ee sd O53 
Canbonaterot lime. it fie tha lakes iit a Scie aleve oe ela 57.54 
Carbonate of magnesium (by loss) »...... «12... ..ee eee 41.51 


No nodules of chert occur, and although cavities are plenti- 
ful, in none is found quartz either in crystals or in chalcedony. 
The color of the rock is normally a light bluish-gray, varying 
to darker shades as well as to almost white. Weathered 
cavities and cracks are often stained buff. The rock is fine, 
close and crystalline in grain, brittle, with irregular or sub- 
conchoidal fracture. Cavities, largely due to the removal of 


fossils, abound and give to the rock a porous or vesicular | 


appearance and a trachytic harshness. Useless for building 
stone, it forms a rock unsurpassed in perhaps the whole 
geological series for the manufacture of lime. A distinguish- 
ing characteristic of the Le Claire rocks is the absence or 
abnormal disposition of its bedding planes. Like the Racine 
limestone of Wisconsin, it often forms huge mounds in which 
scarcely a trace of stratification is visible. 

These mounds are often fossiliferous, and in them oceur 


irregular masses of breccia and conglomerate difficult to 


delimit, since the matrix is identical with the fragments in 
color and texture. Especially towards the sides and summits 
obseure stratification lines occur, merging into the mound 
proximally, and distally dipping outward and downward at 
considerable angles. Anexcellent example occurs at Schmidt’s 


lime quarry southwest of Dixon. Others are to be seen about 


Le Claire, forming the centers of apparent anticlines. 


Hall, Geology of Iowa, vol I., pt. 1, p. 368. 
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Outcrops of Le Claire stone are usually traversed by parallel 
planes, commonly about a foot or less apart. These affect 
masses of limestone more than twenty feet in vertical thick- 
ness and with a dip usually from 12 to 25 degrees, but 
occasionally rising as highas 40 degrees. Along these planes, 


Fig. 47. Le Olaire limestone showing oblique bedding. Beds dip to the northeast; 
(one-half mile south of Le Claire, Lowa.) 


tilted as high as 32 degrees and 36 degrees, frequently lie 
layers of fossils, and the colonial aspect of the fauna of 
different layers, here crinoid stems, here Rhynchonellas and 
there spire-bearing brachiopods, or Pentameri, strongly sug- 
gests that the fossils have not been washed to their present 
resting place, but remain in the place of their growth. 
Nowhere do these planes transect fossil belts, and as pointed 
out by Calvin,* they therefore cannot be placed in the category 
of slaty cleavage. The inconstancy of the dips is notable. 
Within short horizontal distances they vary in degree and 
direction. Forexample, in the most soutbern exposure below 
Le Claire, along the Mississippi (S. E. qr. Sec. 4, Le Claire Tp.), 


*Proc. Iowa Acad. Sci., vol ILT, 1896, p. 56. 


386 G Rep 
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the dip'is 30 degrees east southeast; at the schoolhouse, 15 rods 
east, the rocks lie in a nearly horizontal plane; whilea quarter 
of a mile up stream the dip is 15 degrees north. 

In the’same township, Sec. 14, Nw. qr., Se. +, the Le Claire 
stone is exposed. on a low platform near the edge of the Mis- 
sissippiriver. Itis here thinly bedded. On the south the 
layers dip from 35 to 48 degrees northeast. Toward the north, 
for fifty feet succeeding, the bedding is obscure, and this 
gives place to limestone of the same facies dipping 4 degrees 
southwest. Layers are often seen to interbed and merge with 
breccia and the structureless rocks of the mounds. 

The interpretations which have been given to these abnor- 
mal planes are diverse. At an early date Hall believed them 
due to the flexures of strata once horizontal*. Whitet and 
McGeet concurred with Hall in regarding them as due to 
deformation. Worthen§ had earlier suggested false bedding 
or slaty cleavage as explanations. 

Hall afterwards revised his earlier opinion and suggested 
that these dips might be due to oblique lamination. | Norton4 
showed that the assumption of the deformation gives a thick- 
ness to the beds at Le Claire far in excess of anything which 
can be conceded. Later measurements confirm this statement. 
For a distance of 3,300 feet below the village the uninter- 
rupted dip averages some 20 degrees. If the bedding planes 
represent tilted strata, the original thickness of the tilted 
block must have been more than 1,000 feet. 

Calvin** has recently given the entire subject’a more thor- 
ough investigation, and holds that the phenomena in question 
are neither due to,folding nor to lateral compression, as in 
slaty cleavage; butzare examples, on a scale perhaps hitherto 
unknown, of false bedding or oblique lamination, such as is to 


* Rept. Geol. Surv. Iowa, Hall and Whitaey, i858. p. 73 seq. 
+ Geology of [owa, White, vol. I, p. 133. 1870. 

* Pleistocene Hist. of Ne. Iowa, p. 340. i891. 

§ Geol. Surv, of Ill. vol. I, p. 180, 1835. 

| Twentieth Annual Report, Regents N. Y. p. 307. 

I Lowa Geol. Surv., vol. LV, p. 184. 

**Proc. Iowa Acad. Sci., vol. LIL, pp. 52-53. 
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be seen wherever in sea, lake or river, a current is extending 
a bar by dumping sand or silt over its edge, thus adding layer 
after layer lying at angles more or less inclined. ‘‘The phe- 
nomena suggest that during the deposition of the Le Claire 
limestone the sea covered only the southern part of the Niag- 
ara area; that at times the waters were comparatively shallow, 
and that strong currents, acting sometimes in one direction 
and sometimes in another, swept the calcareous mud back 
and forth, piling it up in the eddies in lenticular heaps, or 
building it up in obliquely bedded masses over areas of con- 
siderable extent * * *. In the town of Le Claire, on 
the west side of main street, there is evidence of the erosion 
of the sea bottom by currents, and subsequent filling of the 
resulting channels with material of the same kind as formed 
the original beds. In eroding the observed channel some of 
the previously formed layers were cut off abruptly, and in 
refilling the space that had been scooped out the new layers 
conformed to the concave surface and lapped obliquely over 
the eroded edges of the old ones.’’* The entire thickness of 
the Le Claire stone is nowhere displayed in Scott county, and 
no section reaches the maximum thickness of the beds, some 
ninety feet, observed in Linn county, near Mount Vernon. 
The Anamosa Stone.—Intimately associated with the crystal- 
line lime rock known as the Le Claire are beds of a soft, gran- 
ular building stone, lying in even and horizontal or slightly 
undulating layers. They are best seen in the quarries about 
the village of Le Claire, where the stone differs from that of 
the typical quarries near Anamosa in little except in a 
slightly stronger tint of buff and a less frequent lamination. 
Chemically the Anamosa stone is a dolomite, differing in its 
constituents from the Le Claire in the larger per cent of the 
insoluble ingredients. While in the Le Claire there is less 
than one per cent of insoluble ingredients, in the Anamosa 
they have been found to form six times as large a proportion. 
In Seott county, as elsewhere, the Anamosa stone runs in 


*Oalvin. Op. cit., pp. 54-57. 
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even, parallel courses, whose thickness depends in part upon 
weathering, but in which layers from eight inches to a foot 
are most common. To these dimensions quarry layers of 
several feet in apparent thickness can usually be split readily. 
Bedding planes are smooth surfaced, and are not separated 
by intercalary seams of clay. Joints are distant, allowing 
the quarrying of stone of any desired horizontal dimensions. 
The fracture of the rock is even and smooth, affording the 
utmost advantage to the sledge and chisel of the workman. 

The weathered zone of the Anamosa, which may reach ten 
feet in depth, consists of spalls and calcareous plates from a 
fraction of an inch thick up to three or four inches in thick- 
ness. ‘T'wo distinct lines of lithological variation occur. One 
is a transition from a granular to a crystalline condition, a 
trend toward the Le Claire. The otheris a change to a harder 
rock of finer and more compact grain, with subconchoidal 
fracture, weathering more or less readily into rhombic chip- 
stone. Layers of this nature are termed “‘ flint’’ by quarry- 
men, on account of their fracture and relative hardness, 
although wholly destitute of silica. This variation trends 
toward the Devonian lithological types. 

The trend toward the Le Claire is exhibited in many quar- 
ries throughout the county from Big Rock to Princeton, and 
as far south as Valley City. The rock lies in heavy layers, 
commonly two feet thick, traversed by few or no lines of lam- 
ination and, like the typical Anamosa, disposed in gentle 
undulations as if laid down on an uneven surface. In texture, 
the stone is more or less vesicular, sometimes so finely so as 
to suggest the texture of pumice, and is also distinctly more 
crystalline than the pure Anamosa type. It is more earthy 
than the Le Claire and can never be used for the manufacture 
of hme. It is darker and more ocherous in its colors than the 
Le Claire and resembles in many respects beds of the Dela- 
ware stage, from which it is distinguished by its most intimate 
associations with other beds of the Gower. It still more 
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resembles the Coggon beds which in Linn county* were found 
immediately to underlie the Devonian series. The character- 
istic Coggon fossils have not been found in these beds in Scotti 
county, and they can not be definitely assigned to the Coggon 
horizon. 

Relation of the Le Claire and the Anamosa Beds.—F rom his 
studies at Le Claire, Hall reached the conclusion that the 
Anamosa beds there exposed, rested in synclinal axes of the 
Le Claire and belonged not only to a later stage, but even to 
a distinct epoch. While he placed the Le Claire in the 
Silurian, as co-ordinate with the Niagara, he assigned the 
Anamosa to the Onondaga Salt group. Worthen and Meek, 
White and McGee referred all the strata of the Silurian in 
Iowa tothe Niagara, refusing to draw any lines of subdivision 
within the formation. Calvin and Norton, however, have 
distinguished the Le Claire from the lower beds of the Niagara, 
to which Calvin has given the name of Delaware, and have 
also separated toa greater or less extent the Anamosa and 
the Le Claire limestones. In the geology of Linn countyt 
Norton states that the theory of simultaneous deposition of 
the two limestones under different conditions, the ‘‘ lime rock”’ 
of the Le Claire, representing the irregular aggregation of 
reefs, and the granular limestones of the Anamosa the remoter 
deposits of calcareous sediments derived largely from the 
reefs, seems best to explain all the phenomena of the beds in 
question observed in Linn county. Theclose paleontological 
relations of the two beds, the lithological gradations between 
them, and the occurrence of crystalline lime rock in places 
upon the granular limestone of the Anamosa beds are men- 
tioned. At the same time the great thickness of the Anamosa, 
its wide distribution, the appearance in it of post-Niagara 
species, are taken to indicate that it represents a somewhat 
later stage of Silurian sedimentation. Since the publication of 
the report just cited, quarries have been opened on the Cedar 


* Norton: Geology of Linn Oo., Iowa Geol. Surv. vol. 1V, p. 138. 1894, 
tIlowa Geol. Surv., vol. [V., pp. 180-184. 1894. 
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river west of Mount Vernon, which show clearly the most 
intimate relation between the Le Claire and Anamosa types. 
The highly inclined lime rock of the former is seen to pass 
directly by lateral gradation into slightly inclined beds of 
building stone of the latter type. 

In Seott county alternations along the same horizons 
between the Le Claire and the Anamosa are frequent; the 
intermediate lithologic forms between them are numerous. 
The Le Claire lime rock is moreover interbedded with the 
Anamosa, or superior to it, so that it becomes impracticable . 
to maintain a formational distinction corresponding to the 
lithological one. AtSteffen’s the crystalline lime rock passes 
laterally into granular building stone within the limits of a 
small quarry. At Becker’s quarry, Le Claire, the former 
overlies the latter. 


TYPICAL SECTIONS OF THE LOWER LE CLAIRE TYPE. 


I. SCHMIDT’S QUARRY, LIBERTY TP., SEC. 14, SW. QR., SW. 4. 


Dolomite, white, crystalline, brittle, vesicular, massive, with 
some obscure and variant lines of bedding. A similar 
mound some 30 feet thick is exposed by the roadside an 
half mile southwest (Liberty Tp. Sec. 22, N. 4). 


II, LEDGE OUTCROPPING ON ROCK CREEK, LIBERTY TP., SEC. 6, SE. QR., NW. t. 


Dolomite crystalline, gray, weathering to highly pitted sur- 
faces, in layers up to 4 feet thick, dipping from 23 
degrees to 32 degrees east northeast; thickness, 15 feet. 


III. ANKEN’S QUARRY, LIBERTY TP., SEC. 13, NE. QR., NE. +. 


Some 12 feet are here exposed of even bedded, crystalline 
dolomite in layers up to 1 foot in thickness, the lower 2 
feet of the section being in thin layers a few inches thick. 
The rock forms a slight syncline whose greatest slope in 
the eastern part of the quarry is some 4 degrees west. 
Some small Rhynchonellas were observed, and on the 
dump fragments were found of softer, granular, vesicular 
limestone. which was not seen in place. Adjacent ledges 
show the Le Claire limestone of the usual type dipping 
40 degrees north. 


IV. MEEVES’ QUARRIES, LIBERTY TP., SEC. 18, w. 4. 
Several small quarries have been opened for local uses on the 
farms of George and of Henry Meeves. Some have been 


LE CLAIRE. 431 


filled up, and those examined showed a rough, crystalline 
limestone. A close-grained and laminated flagstone, 
which approaches the Anamosa type, is said to have been 
taken from another. 


V. STEFFEN’S QUARRY, CLEONA TP., SEC. 5, SW. t. 


This quarry includes several outcrops opened at different 
times along both banks of a small tributary of Mud creek. 
The opening now worked on the left bank of the stream 
has a quarry face of 14 feet, and excavations have been 
made for 9 feet below the present floor. 


2. Till, Kansan, brown, non-calcareous, with a number of 
small bowlders, separated from loess by a distinct 
Pebble: line secs ctr tes caanter onases bast oc sene 2-10 

1. Limestone, upper surface deeply pitted by weathering. 
The cavities, descending nearly to the quarry floor, 
are lined with brown, unctuous residuary clay and 
are filled with till, and across them the pebble line 
on upper surface of till passes without downward 
deflection. Rock, highly inclined in even layers, 
varying in dip from 20 to 30 degrees southeast. To 
within nine feet of the surface layers are thin, 
rarely reaching six inches, and layers up to a foot 
readily split up. Below, the layers run from six 
inches to a foot in thickness, and some beneath the 
present floor are said to reach three feet, and to 
readily cleave to desirable thickness. Above, the 
layers are hard, blue, crystalline lime rock; but 
below, this passes into a granular, light buff build- 
ing stone, of the Anamosa type. Some layers are 
covered with short, flexuous, rod-like fossils, which 
have not been described, but which are often seen 
in quarries of the Anamosa stone. Joints are dis- 
tant, and stone 10 feet square can be taken out..... 14 


Ten rods below this section, on the same bank of the stream, 
oceurs an outcrop of even and horizontally-bedded crystalline 
limestone, and twenty rods distant a mound of lime rock, with 
southward dipping strata on its south flank. 

VI. 
Fifteen rods below the above section, on the right bank of 


the creek, eight feet of hard, bluish-gray Le Claire rock 
occurs, with the bedding planes dipping 15 degrees north- 
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west, and the layers running from four inches to eighteen 
inches thick. Within three rods to the north this dip 


becomes horizontal in the following section: 
FEET. 


3. Limestone, granular, in spalls up to four inches thick.. 5 
2, Limestone, in two and three layers, irregularly bedded, 


SeMiu-CLystallime areas eters ste teat tte peveniete fer ertas 4 
1. Limestone, hard, of close grain, laminated, but not 
readily cleaved, to quarry floor.................+... 6 


VII. BUD CREEK, 


South of the town of Princeton Bud creek cuts a gorge in the 
Le Claire some eighty feet in depth. The dolomite here 
is buff or gray, hard, crystalline, vesicular, and lies in 
regular layers, dipping 3 degrees and less toward the west. 
The rough surface layers are, for the most part, a foot or 
less in thickness, although layers occur four feet and even 
six feet thick. Silica is wholly absent, and fossils are 
rare, a few moulds of Le Claire corals alone being seen. 
Some of the heavy layers are intermediate in texture, 
approaching nearly to the Anamosa type. 


Vill. 


In Princeton, opposite an old warehouse, a mound of Le Claire 
is shownin aslight excavation. The Le Claire occurs also 
in Allen Grove Tp., Sec. 7, Ne. $+, where it has been burned 
for lime for fifty years Half a mile north, Sec. 6, Se. 4, 
lies an old quarry, showing ten feet of semi-crystailine 
limestone in horizontal layers upto fourteen inches. The 
upper half of the ledge is more evenly bedded, and resem- 
bles the rougher and more porous stone of the Anamosa 
beds. The lower portion is harder and more crystalline. 
At Big Rock the Le Claire outcrops at a number of places 
near the village. It is seen associated with the Anamosa 
in many outcrops along the bluffs bordering the Wapsi- 
pinicon in Princeton township, usually nearly horizontal, 
but occasionally dipping as high as 15 degrees, and along 
the Mississippi river from Princeton nearly to Island City 
its outcrops are quite too numerous to mention. For 
nearly two miles southwest of Le Claire the ledge along 
the river is practically continuous. 


THE ANAMOSA TYPE. 
VELIE & NASON’S QUARRY, LE CLAIRE. 
FEET. 
7. Loess, weathered jointed, indurated, brown and red- 
dish-brown, becoming more clayey toward the base, 
where utypassesmntomNomOreemice serene eee 4 
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6. Clay, pebbly, dark red, non-calcareous, sandy or highly 
Stomys im: Placesh... aces. seteuensieraren seers he SP TES Se 3 
Ss. ADD, Bee VOU EXCESS. Ma! Shen aa nano mundi. UL Grok: 25 
4. Limestone, soft, granular, weathered into spalls and 
thin caleareous plates, some as thin as a mm. 
Upper rock surface but slightly pitted. Limestone 
buff and dark buff, often finely laminated with 
darker browns hilimes ance eereciae ce tae facies sarcionves 12 
3. Limestone, buff, lustre earthy, granular, in layers 
about 6, 8 and 12 inches thick. Bedding planes con- 
tinuous, even, parallel; joints distant.............. 31 
2. Limestone, more irregular in bedding and texture. 
In one place it constitutes a single massive layer of 
hard, gray lime.rock, graduating into layered buff, 
granular building stone which thickens and thins, 
forming lenticles about 20 feet in length........... 8 
1. Limestone, buff, granular, in even courses............ 4 


The floor of the quarry is composed of thin irregular layers 
of finely laminated rock, buff and gray, of finer grain and more 
brittle than the rock above, and worthless for either building 
stone or lime. This is said to extend at least 17 feet below 
the quarry floor. At the west end of the quarry the dip is 
not morethan 3degrees. This increases toward theeast until 
it reaches 12 degrees west, 20 degrees south. 


H. BEEKER’S QUARRY, LE CLAIRE. 


The rock of this quarry is in part of the Anamosa type, but is 
less regularly bedded. The layersareabout one foot in thick- 
ness and dip 10 degrees north northeast. 

FEET. 


4. Limestone, granular, buff, slightly more compact than 
Anamosa type, in layers 6 inches and upward in 


CHICK ESS yeeros chynaninie vate salsa crn ake mat a tisisitee ce hier as 5 
3. Limestone, crystalline, gray, largely fragmental, the 
fragments! Heino sila ern otitreeia wee series erro 4 


2. Limestone, gray, crystalline, compact; in two or three 
layers, with moulds of long Amplexus-like corals.. 4 

1. Limestone, resembling Anamosa type in color and 
granular condition, but closer textured, harder and 
WAT ME LESSKOVICNELrAC LUC remiss erect cittenm rtm iclatsite's clare 10 
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A, LANCASTER’S QUARRY, PRINCETON. 
: FEET. 

3. Limestone, gray, crystalline, pure, vesicular and 

cavernous, stratified, used for lime................ 10 
2. Limestone, intermediate in character between Nos. 3 

and 1, in heavy layers, weathering in places into 

Phombic chi pstoneacsnqocee eres cds cei tele nciettoles 10 
1. Limestone, buff, granular, fine of grain, somewhat 

coarser textured than the Anamosa type, non- 

laminated, in heavy layers ranging from 24 to 28 

inches in thickness, even and regularly bedded and 

over most of the quarry approximately horizontal; 

an excellent building stone...............000.60.. 8 


F. H. THEILMAN’S QUARRY, LE CLAIRE. 


This quarry, which lies across a small creek and to the 
north of Velie and Nason’s, displays some 18 feet of the same 
excellent building stone. From below, the thickness of the 
layers is as follows: 12 inches, 16 inches, 10 inches, 6 inches, 
6 inches, 24 inches; above which are layers from 6 inches to 
12 inches. The quarry has been worked some 8 feet deeper 
_ than its present floor. On the east face the dip is 5 degrees 
west northwest; on the west face the dip is 2 degrees north- 
west. The upper rock surface, as in the quarry across the 
creek, forms a low hill fairly smooth of surface and unbroken 
by pits. 

On the same side of the creek lies a small quarry, with a 
face of 17 feet, belonging to G. H. Davis. The stone, as in the 
quarries just described, is of pure Anamosa type. It lies in 
layers up to 18 inches thick, dipping slightiy toward the west. 


GAMBLE’S QUARRY, LE CLAIRE. 


This quarry is situated in the heart of the village and has 
not been worked for a number of years. The stone is of the 
best and was extensively used in the buildings of the Rock 
Island arsenal. The quarry face is about 30 feet. The stone 
runs in even, parallel courses, with a slight dip, not over 3 
degrees toward the west. The lower 14 feet are a light buff, 
granular, homogeneous limestone, with smooth even fracture, 
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in layers from 6 to 14 inches thick, traversed by vertical 
distant joints running 10 degrees north of west and 30 degrees 
west of south. Above these layers lie 3 or 4 feet of rough 
vesicular and cavernous limestone weathering to a most 
irregular face, of no value except for riprap. The remainder 
of the quarry lies in the zone of weathering and shows layers 
from 2 inches to6 inches thick. The extremely thin weathered 
plates and spalls, often seen in quarries of this rock, do not 
here appear. 


Fig. 48. Overturn fold in Anamosa limestone (retouched). Pinneo’s quarry, 
Princeton township. 


C. W. PINNEO’S QUARRY, PRINCETON TP., SEC. 35, SW. QR. 
FEET. 

2. Limestone, buff, weathered into thin layers from a 
fraction of an inch to 4inches thick. Horizontal at 
west end of quarry; at east end flexed into a strong 
overturn fold 8 feet high, with overturn toward the 
east. Upper surface weathered into pits, two of 
which are filled with white plastic, gritless clay 
(Carboniferous ?) with white saccharoidal sandstone 
Ys NORTON Gado Soaonno tog aC Oy RRNA ie ir Dancin ies 10 

1. Limestone, light buff, in even layers from 6 inches to 
10 inches thick, fine grained, undisturbed from their 
horizontal position except under the anticline of the 
upper layers, where they form a slight monocline 
witha talleof Minches int? f66bsm..., ss 008-0+ 20 5 10 


436 GEOLOGY OF SCOTT COUNTY. 


RICH’S’ QUARRY, PRINCETON TP., SEC. 34, NE. QR., NW. 7. 


Like the two quarries just described, this has been opened 
in the ledges of limestone which form the bases of the high 
hills which front the Wapsipinicon flood plain in this town- 
ship, and its floor is approximately level with the plain. 


FEET. 

5. Superficial deposits resting on unpitted rock surface.. 2 
4. Limestone in thin layers, mostly from 2 to 4 inches 

thick, a few reaching 8 inches, and some consisting 

OL thinicalcareous: plateSanics cis -viee close sels sitters 12 
3. Limestone, close, granular, slightly harder and more 

brittle than typical Anamosa stone, in even, 

horizontal courses from 6 to 20 and 24 inches in 

thickness, buff in color, with few cavities and 

smooth surfaced, including a foot or so of thinly 


laminateds “ flinty’limestonereneas. scamianenine alse 14 
2. Limestone in layers from 2 inches to 18 inches, semi- 

Cry etallline ty ree yet sere onary mae orere erect Se auascaeere ii 
1. Limestone in thin, gray, crystalline, calcareous 

DIBUCS Bae oii cacdize copt tay iod Mayeene iene Mites Lan ray tem Crees 5 


INTERMEDIATE TYPES. 


The following sections represent beds of the Gower stage 
which resemble the Anamosa in their even and regular and 
shehtly undulating courses, and in their buff color. They 
differ from the type in their heavier bedding, in absence of 


foe) 
lamination, and in a more vesicular texture in their semi- 


crystalline facies. They are intermediate between the 
Anamosa and Le Claire types: 


JAMES MOHR’S QUARRY, LIBERTY TP. 
FEET. 
THOC RE ie 6 ure tay aicecte nie eye othale artes eaten fe ena ane 2 
3. Geest, dark brown, unctuous, residual clay resting on 
a rock surface pitted to depth of about 1 foot 1_4 
Limestone, crystalline, hard, in layers up to 8 inches 
in thickness. On upper surface decayed to a depth 
of from 4 to 8 inches, to limestone meal or flour.... 3 
1. Limestone in layers up to 18 inches in thickness, rising 
from approximately horizontal at west end of quarry 
to a southwest dip of 7degreesat the east end, rock 
buff, semi-earthy, vesicular; near base earthy and 
finelyamottledewathadia bussmeetscretes eerie a 15 


bo 
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Across the creek substantially the same roek outcrops at 
the same level, but here it dips 15 degrees east and 20 degrees 
south. A quarter of a mile to the west lies the mound of Le 
Claire stone already described under Schmidt’s quarry. A 
few rods west of this, an old quarry at the same level shows 
12 feet of reddish-buff limestone in layers about 2 feet thick, 
not laminated, very finely vesicular, and partially crystalline, 
dipping 6 degrees northeast. 


D. SNYDER’S LEDGES, LIBERTY TP., SEC. 1, NE. QR., NE. 4. 


This natural section, in ledges from 20 to 30 feet in height, 
along the gorge of the Wapsipinicon river, exhibits admirably 
the characteristics of these beds. They have been quarried 
in places for local uses. .The rock is for the most part, a soft, 
earthy dolomite, dark buff or ocherous yellow in tinge, and 
finely vesicular. The layers are heavy, many being 2 feet 
in thickness and some upwards of 3 feet. No lamination 
planes appear. Here and there the rock takes on a more 
crystalline and harder facies. The bedding planes are not 
so smooth as in the typical Anamosa stone. Infrequent 
cavities are seen up to 4 inches in diameter, and a low cave 
about 10 feet above the river is said to have been penetrated 
to a distance of 80 feet. The rock stands in smooth surfaced 
walls without chipstone, and the only talus is formed of huge 
blocks detached by frost and the roots of trees. 


COWLE’S QUARRY, BIG ROCK. 


At this quarry, and outcrops adjacent, a soft, buff, highly 
and coarsely vesicular dolomite is exposed, moderately even in 
its courses, which run about horizontal, and mostly from one 
to two feet in thickness. The vesicles in the rock are largely 
due to the moulds of fossils, and these, or their corresponding 
casts, are occasionally well enough preserved for identifica- 
tion. The following species were noted: Atrypa reticularis, 
Leptena rhomboidalis, Spirifer radiatus, S. eudora, Rhyncho- 
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treta cuneata americana, Siphonocrinus nobilis, Hucalyptocrinus 
cornutus (?). ; 

At D. Rasch’s quarry, in the same village, twenty-five feet 
of much the same rock is exposed as at Cowle’s quarry. 


GLEGG’S QUARRY, BUTLER TP., SEC. 17, NW. QR., NW. t. 
FEET. 


4 Woimestone, spallsy Ward sce verte wieiets cleeleiesielelereloe ol ererol stakes 5 


3. Limestone, buff, granular, crystalline, in two layers... 1} 

2. Limestone, rough, cavernous, without lamination, 
IMASSLVEO) « «svar orevetorsiscacheye cieleveistopeleie) stoves tes tara Sxevepevelohetehare cts 4 

1. Limestone, buff, fossiliferous, in horizontal layers from 
SEO OLIN CHES vita doctcrerstets erate cic evesiar ers ial otal a eicayara er edererotens 5 


The same beds outcrop on the south side of the region of 
outcrop of the Le Claire and Anamosa types at Le Claire, 
abutting on the northern Devonian frontier. The following 
sections are taken from this district: 

LE GRANDE’S QUARRY, TWO AND ONE-HALF MILES BELOW LE CLAIRE, ON 

THE MISSISSIPPI RIVER. 
PEET. 


1. Limestone, brownish-buff, vesicular, earthy, crystal- 
line, to level of water in Mississippi river.......... 12 


The upper two or three feet constitute a level and uniform 
layer. Below this les a massive dome, in which bedding 
planes are obscure or absent, on each side of which the rock 
lies in outward dipping layers. To the south the dip is 10 
degrees south southwest. On the north side the dip is more 
gentle. The rock, in texture, is intermediate between the 
Anamosa and Le Claire, while its attitude is wholly that of 
the latter. 


H. HANNA’S QUARRY, PLEASANT VALLEY TP., SEC. 12, 
SE. QR., SW. ¢. 


This quarry has a face of some thirty feet, and has been 
excavated along a ledge of a branch of Pigeon creek, the 
quarry floor lying eight feet above water level. The rock is 
heavily bedded, vesicular, and in certain layers running from 
one to five feet in thickness, pitted with cavities one to three 
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inches in diameter, which may be confluent. The strata have 
a searcely perceptible dip toward the west. The stone is a 
coarse, more or less crystalline, brownish-buff dolomite, some 
more compact and crystalline layers being lighter in color, 
and the more porous beds the more deeply stained by the 
oxidizing agents. 


J. DODD’S QUARRY, PLEASANT VALLEY TP., SEC. 12, SE. QR., SW. 4. 


This little section is of special interest since it is found 
within 40 rods of the lowest beds of the Devonian, the Otis 
limestone, and must therefore lie near the summit of the 


Silurian column. 
FEET, 
3. Limestone, magnesian, vesicular, buff, in layers 1 foot 
in thickness or less; more or less decayed.......... 8 
2. Limestone, magnesian, buff, with cavities up to 3 
inches in diameter; evenly-bedded layers from 1 to 
2 feet in thickness, dipping some 5 degrees east 
SOUGMESASE Perel elias eis sishow stelle stern <)sysrateteceioraltuuevetelaeystete ys 7 


DYER’S QUARRY, PLEASANT VALLEY TP., SEC. 10, SE. QR., SE. 4. 


This quarry has been worked along ledges on Crow creek 
and well exhibits the rapid lithologic and structural alterna- 
tions which obtain at this horizon. The ledge quarried farther 
up stream shows 23 feet of buff, granular, laminated, mag- 
nesian limestone, slightly more compact than the pure 
Anamosa type. For 10 feet from the top, this is weathered 
to characteristic spalls from a fraction of an inch to 2 or 3 
inches thick, which graduate into the heavier layers of the 
main body of rock, which runs in even, smooth-surfaced 
courses up to 18 inches thick, dipping from 9 degrees to 22 
degrees northeast, across the creek; 15 rods southwest of this 
exposure there outcrops crystalline lime rock. In thinness 
and evenness of layers, and in the dip which here amounts to 
27 degrees northeast, this body of Le Claire stone corresponds 
with the granular Anamosa stone exposed so short a distance 
away at about the same level. Six rods further down stream 


440 GEOLOGY OF SCOTT COUNTY. 


the lime rock continues unaltered in texture, but now lies in 
layers 4 or 5 feet thick or more, and approximately horizontal. 

The following section belongs to the Niagara limestone but 
may represent higher beds than those described: 


QUARRY OF WM. RHEIMS, CLEONA TP., SEC. 7, NW. ¢. 
FEET. 

4. Limestone, magnesian, horizontally bedded, brown, 
semi-crystalline, weathering into small chipstone, 

with one or two 6-inch layers more resistant....... 9 
3. Limestone, maguesian, light gray, laminated, earthy, 
in places vesicular, more thinly bedded than above, 
passing in places into thin beds. This includes a 
distinct layer of buff magnesian limestone 1 foot 

LWW) ehon nia ere C LURORE, € ce eC SAO TERA PE OG Bonin oe CTO 6 
2. Limestone, magnesian, gray, irregularly bedded, thin 
layered, weathering to small, sharp angled chip- 


SUOMI sayy tar 5-5 cat nea ai eite aisha taciiane adobers: ecreyat coud lokeee etarshedeateansrs 6 
1. Limestone, magnesian, brown, earthy, ocherous, in 
thicker beds than above, partly concealed......... 3 
DEVONIAN. 


The water front of Scott county along the Mississippi river 
exhibits a complete natural section of the Devonian strata of 
Iowa with the exception of their highest members, the Lime 
Creek shales and the State Quarry beds. As the strata dip 
gently toward the south and west, the lowest beds of the 
series lie farthest toward the north and east, appearing above 
the Niagara, first about one mile below Valley City, on the 
south fork of Pigeon creek. The highest beds in the section 
are disclosed in the southern townships, in numerous sections, - 
from the vicinity of Buffalo to the south county line. 


WAPSIPINICON. 


Otis Limestone.—The outcrops of this limestone are so few 
and slight, that, with its associated beds, the Independence 
shales, it has escaped notice in the county until the present 
survey. In all respects the rocks referred to in this sub-stage 
are identical with the limestone first noted in Linn county, 
and named after Otis, a small station five miles east of Cedar 
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of impalpable calcareous silt, affording a very fair quality of 
lithographic limestone. It is hard, brittle, breaking with a 
conchoidal or sub-conchoidal fracture. In color it varies 
from light to dark drab and brown, and weathers toward 
white. Often thinly bedded, these thin layers merge into 
massive beds, four or five feet thick, unevenly laid and sur- 
Rapids, where its full thickness is seen. So constant is its 
facies that, were their labels removed, specimens from widely 
separated outcrops, from the ledges of the Mississippi, the 
Cedar and the Wapsipinicon, could not be told apart. Litho- 
logically, the Otis is a non-magnesian limestone, thus stand- 
ing in strong contrast with the dolomites of the Gower stage, 
which it overlies. It is dense, of the finest grain, compacted 
faced. These are often finely fragmental, the matrix of the 
same color and texture as the fragments, and slight in amount. 
Sometimes the layers are simply crackled. A determinative 
characteristic of the Otis, and one which fortunately is 
seldom wanting south of central Linn county, is the presence 
of a little gregarious brachiopod, Spirifer subumbonus Hall. 
For the time represented by the Otis sub-stage, the Devonian 
sea bottom in this region in Iowa swarmed with this little 
animal, other species being strangely absent or unrepresented 
in the record of the rocks.* From what region Spirifer sub- 
umbonus migrated hither is an unsolved problem. In the 
New York area it abounded in Hamilton and Tully times. In 
Towa, the day of this earliest visitant of the Devonian fauna 
soon closed. The end of the Otis sub-stage witnessed a slight 
elevation of the sea bottom, an approach of the shore line, 
and a distribution of clay silts where lime deposits had before 
prevailed. With this change of depth and bottom, with the 
passing of the Otis, and the incoming of the Independence, 
the little spirifer either became extinct or withdrew from the 
region, or possibly survived a little longer during the Inde- 
pendence, with such changes of form as to be no longer 


*3ince the above was written we learn that Prof. J. A. Udden has found on Pigeon creek, 
below Valley City, a minute coral. 


37 G Rep 
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recognized as the same variety. On the basis of this extremely 
restricted fauna, consisting of a single species not found else- 
where below the Hamilton, the Otis cannot rank lower than 
the Middle Devonian of the New York series. 

In Scott county no clear contact of the Otis with an inferior 
iimestone is found, although the Niagara occurs within 
about forty rods of the most northern outcrops. In Pleasant 
Valley township, Sec. 13, Se. qr. Nw. 4, the Otis appears in 
the road opposite the house of W. EH. Haskins, in conjunction 
with a vesicular magnesian limestone upon which it may rest. 
In Linn county several excellent contacts between the 
Devonian and the Silurian occur, where the Otis is seen to 
pass downward through transitional layers into a_ buff, 
heavily-bedded magnesian limestone, called the Coggon, and 
supposed to be the uppermost member of the Silurian series 
in the region. The Otis outcrops only along a narrow zone 
between the mouth of Duck creek and Valley City. 

Independence Shale. —In its typical exposure in a miner’s 
shaft, near Independence, was found a fine, fissile and highly 
fossiliferous shale, varying in color from light gray to black. 
In Linn county the Independence is represented by a heavy 
and persistent bed of buff shales and argillaceous limestone, 
called the Kenwood, which occupies the same horizon beneath 
the brecciated beds of the Lower Davenport Sub-stage, as the 
Independence. At one locality, near Linn Junction, this has 
been found to include shales of the same facies as that at 
Independence, and carrying the same fossils. In Scott 
county the fossiliferous shale has not been found, but the 
Kenwood type of the Independence is seen at two outcrops on 
Crow creek resting directly, as in Linn county, upon the Otis 
limestone. The greatest observed thickness of these beds in 
Pleasant Valley township is seven feet, and the total thick- 
ness of the formation may not greatly exceed this measure. 
Lithologically it isa rough, brown, earthy, ferruginous lime- 
stone, in layers from two to four inches thick, and carrying 
lenticular nodules of flint. 
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Lower Davenport Beds.—Immediately south of the area 
of outcrop of the Otis and Independence, in the east half of 
section 27, Pleasant Valley township, occurs a Devonian ter- 
rane which has been designated the lower Davenport.* It is 
in these beds that Duck creek has cut the steep and narrow 
gorge near its mouth. Devil’s glen, as the spot is called, is 
one of the most picturesque places in the county, and its 
beauty, together with its nearness to Davenport, suggests its 
appropriation as a permanent park. The lower Davenport is 
quarried for lime at Gilbert and for building stone and ballast 
at several quarries along the Mississippi near Camp McClel- 
lan. It fronts the river in low ledges above Davenport and 
along Rock Island, and extends as far west as the quarries of 
West Davenport, where it is overlain by the upper Davenport 
beds.. But one fossil, a cyathophylloid coral, has been found 
in them.t The lower Davenport limestones are unfossilifer- 
ous. They contain too small a percentage of magnesium car- 
bonate to prevent their rapid effervescence in cold dilute 
hydrochloric acid. The prevailing color of the stone is drab, 
weathering to light gray. For the most part the limestone 
is hard, compact, and fine grained, with earthy lustre, and 
smooth subeconchoidal, conchoidal, or splintery fracture. Near 
the base one or two layers are partially crystalline, and a dis- 
tinct bed in the quarries near Camp McClellan is a finely mot- 
tled gray, with a texture and weathering corresponding to 
that indicated by the alternation in color. Near the base 
certain layers of an earthy, ferruginous, brown or buff lime- 
stone occur. These are seen beneath low arches in the strata 
along the Mississippi ledges, and here in one place the same 
lithological variety is seen to fill unconformably a long, low 
depression in the gray limestone of the normal type. In 
places white and saccharoidal layers occur. The lower beds 
are massive and moderately heavy; but the upper layers are 


*Norton: Proc. Iowa Acad, Sci., vol. I, pt. 1V, pp. 22-24. 1893. 
+Udden, Journal Oian. Soc. Nat. His., vol. XIX, p. 93. 
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commonly finely laminated, weathering to thin and even cal- 
eareous plates. 

With all these variations the lower Davenport has a distinct 
lithological facies wholly different from that of any other ter- 
rane of the Devonian except the Otis, and from this it is 
clearly separated by the Independence. The facies of the 
lower Davenport is not confined to a limited area It char- 
acterizes a continuous and constant horizon of the Devonian 
from Davenport at least as far north as Fayette, and is litho- 
logically identical in all its outcrops, whether on the Missis- 
sippi, the Cedar, the Wapsipinicon or the Volga. In Linn 
county its brecciated fragments rest upon the Independence, 
and in several localities it is seen to underlie the upper Daven- 
port beds. The maximum thickness is perhaps forty feet. 

In the quarries of West Davenport the lower Davenport 
retains its hardness, brittleness, and fineness of grain. It is 
more irregularly bedded, and massive and even, thin laminze 
are uncommon. Barris* early noted the decided change 
which here, as elsewhere, occurs in passing downward into 
the lower Davenport beds. ‘‘ There succeeds a rough rock, 
concretionary in appearance, closely approaching the char- 
acter of chert. In Cook’s quarry (and I suppose the 
same might hold true in reference to Smith’s) the workmen 
only blast down until they come to what they call the ‘flint 
rock.’ Mr. Cook told the writer that he could at once recog- 
nize the presence of this rock by the peculiar ring it gave 
back to the stroke of the iron bar, even though its surface 
was covered up by water.’”’ Nowhere are the ‘‘flint-like”’ 
characteristics just described more noticeable than in these 
quarries. They consist of the comparative hardness of the 
rock and its smooth conchoidal or splintery fracture; yet, with 
the exceptionfof rare siliceous nodules, no flint or silica in any 
form is contained in it. 

Brecciation of the Lower Davenport.—For the most part the 
Lower Davenport beds in Scott county retain the attitude in 


*Proc. Davenport Acad. Sci., vol. II, pp 263-264. 1878. 
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which they were laid as sediments on the sea floor. In John- 
son, in Linn and in Buchanan counties these beds are so highly 
disturbed, so completely brecciated, that the evidences of the 
cause and nature of the process have been largely destroyed, 
and the origin of the breccia has remained one of the riddles of 
Iowa geology. But in Scott county the disturbing forces 
were much less intense. They affected here but one terrane 
and that so slightly that much of it remained undisturbed, and 
the brecciated portion retains structures which offer valuable 
clues to the nature of the stresses to which it has been 
subjected. The earliest stage in the process is seen where 
the thin calcareous plates of the formation have been slightly 
flexed. The stress here was sufficient only to crackle the 
brittle rock at right angles to its planes of lamination, and the 
layers are now penetrated by a network of calcite veins of 
infiltration from the narrowest visible to 2 or 3 mm. in 
diameter. 

An advanced step is frequent where, under a somewhat 
stronger stress, the rock has been broken into small angular 
fragments. * These retain for the most part the plane of the 
layer to which they originally belonged, but by the disarrange- 
ment of the fragments the upper and lower surfaces of the 
layers are made moreor less uneven. That the rock is a true 
crush breccia and not one formed either out of scree or by the 
deposition in water of angular detritus, is proven by the sharp 
and unworn edges and corners of the fragments and in especial 
by the fact that often their sides are matched and lie in 
juxtaposition. The matrix here is very small in amount and 
often difficult to define. Many of the cracks are filled with 
calcite, and where the interspaces are considerable between 
the larger fragments, they are filled with small particles of 
the rock and a caleareous silt of a shghtly different color. 

An interesting phase is where the thin lamine so character- 
istic of the formation have been separated and slightly 
broken and now lie in a matrix of different color and texture, 
still retaining largely their original parallelism. Such, 
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‘certainly, are not formed by the cementation of beach shingle. 
No other theory for their formation is tenable than that of 
erush under lateral pressure. 

In the quarries in West Davenport illustrations are found 
here and there of an advanced stage in the process where, 
under a severe stress, the fragments are wholly disarranged. 
They retain the flint-like sharpness of their edges, and their 
interstices may be filled with a fine greenish clay resembling 
that of the coal measure pockets which abound in the same 
quarries. 

On Rock Island the ledges of lower Davenport limestone 
show but slight disturbance. Low anticlines and synclines 
are not infrequent, and in several restricted areas, seldom 
more than a rod or so wide, the strata have yielded to 
horizontal thrust and are flexed, crumpled or completely 
shattered. An example of a layer bent beyond its limit of 
elasticity and fractured, is given in figure 49. 


FEE ONAL L LORRLEE LET ARLE 
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Fia. 49. Lower Davenport beds, partially brecciated, showing large imbedded 
fragment, with characteristic lamination, flexed and broken. 


On the Iowa side, opposite Rock Island, the same phenomena 
may be seen, but not so clearly, since the ledges have in large 
measure been concealed or destroyed by the growth of the 
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city of Davenport. Here the strata are occasionally seen to 
le in low arches from 20 to 100 feet long, under which, at 
water’s edge, a brownish, softer hmestone sometimes appears. 
This, in its position and appearance, resembles the Independ- 
ence, and in the fact that it contains a few small angular frag- 
ments of the Lower Davenport type, as in the brecciated zone 
in Linn county. It also reappears in fragments of breccia. 
It seems best correlated, however, not with the Independence, 
but with a brown, ferruginous limestone, carrying similar 
drab fragments of Lower Davenport type found near the summit 
of the Lower Davenport beds at Duck Creek. In the hollows 
of some of the synclines the Lower Davenport is locally 
breeciated as on Rock Island. In this region, as at Fayette, 
Linn Junction, and other classic localities of this brecciated 
horizon, it contains occasional siliceous, elliptical nodules with 
curiously carious surfaces, and reaching 6 inches and more in 
diameter. These however, are not characteristic of the Lower 
Davenport, being found more numerous in the Independence. 

Upper Davenport Beds.—In the quarries in the vicinity of 
Davenport there rests upon the Lower Davenport beds a lime- 
stone of distinct lithological facies and carrying an abundant 
and characteristic fauna. The extension of this limestone in 
Linn county has been described and named the Upper Daven- 
port.* The most eastern outcrop of which the writer is 
aware was in Fulton’s old quarry, now filled up, in the Sixth 
ward, on Fourth avenue, Davenport. It extends at least as 
far west as to the quarries of West Davenport, and an exposure 
on the bank of the Mississippi river, opposite the foot of 
Offerman’s island (Rockingham Tp., Sec. 9., Nw. +), resembles 
it in texture, although no fossils were found to complete the 
identification. The Upper Davenport is a tough, hard, gray, 
semi-crystalline, granular limestone, lying in irregular and 
rough-surfaced layers varying in thickness up to 2 feet, which 
break unevenly under thesledge. Blocks often show slicken- 


*Norton: Proc. Iowa Acad. Sci., 1893, vol. I, pt. IV., pp. 22-24, and Iowa Geol. Surv., vol- 
IV., 1894, p. 160. 
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sides on vertical surfaces, and occasionally a small angular 
imbedded fragment is seen of the Lower Davenport limestone. 
The rock is highly fossiliferous as a rule, and certain layers 
are formed of a coquina of brachiopod shells; but so firmly 
are they cemented, so tough and hard is the rock, and so 
resistant to decay, that fossils are disengaged with difficulty, 
and perfect forms are rarely obtained; 15 feet is probably a 
sufficient allowance for the entire thickness of the beds. The 
Upper Davenport limestone has been recognized by nearly all 
workers in the field as a distinct stratum. In 1877 Barris* 
emphasized the demarkation of these beds from the Cedar 
Valley shales above, and the Lower Davenport below, in the 
statement that ‘‘this series of beds seems to be well defined 
in both its upward and downward limits, the Hamilton above 
and this flint rock below.’’ Tiffanyt also speaks of ‘‘ upper 
fossiliferous strata ’’ as distinct from the lower unfossiliferous 
beds, and like Barris assigns them to a lower geological forma- 
tion than the beds above. In 1891 Calvin} defined the Gyroe- 
eras beds of Buchanan county (the equivalent of the beds in 
question), as ‘‘a rather hard, compact limestone, a few feet in 
thickness and containing numerous specimens of a large Gyroc- 
eras, with which are associated robust forms of Pentamerus 
comis Owen.”’ In 1893 Norton§ recognized the same beds in Linn 
county, and identifying them with the fossiliferous ‘‘ Cornif- 
erous’’ of Barris at Davenport, suggested the designation of 
Upper Davenport. In 1897 Barris| describes more fully ‘‘ the 
lowest fossil-bearing rocks found in the vicinity as the Phrag- 
moceras beds.’’ In thesame year Udden{ classifies the Devon- 
ian rocks below the Cedar valley in this locality in two beds, 
the upper of which is the equivalent of the Upper Davenport 
of the writer, ‘‘ consisting of three or four ledges of a strong, 
somewhat granular, thick-bedded limestone, with large cepha- 


*Loc. Geol. of Davenport aud vicinity; Proc. Davenport Acad. Sci., vol. II., pp. 262-264. 
+Geology of Scott county, etc., Davenport, 1885, p. 13. 

t+Am. Geol. vol. VIII., p. 142. 

$Proc. Iowa Acad. Sci., pp. 23-24. 1893. 

Proc. Davenport, Acad. Nat. Sci., vol. VIL, p. 1. 

{Journal Cincinnati Soc. Nat. Hist., vol. XIX, p. 93. 
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’ lopods, numerous corals and brachiopods and other fossils.’’ 

While there has thus been a general agreement as to the 
delimitation of these beds, there has been a wide difference 
of opinion as to the rank which should be assigned to them. 
Hall” classified both Davenport limestones as Upper Helder- 
berg, making no special distinction between them. Worthen 
refers them to the Hamilton, as does White,t who says, ‘‘allthe _ 
Devonian strata of lowa evidently belong to a single epoch, 
undoubtedly referable to the Hamilton period,’’ and with 
some modifying statements confines them still more strictly 
within the limits of the Hamilton shales. For paleontological 
reasons Barris{ assigned these beds to the Corniferous, 
stating ‘‘ that they contain a series of fossils entirely different 
from any in the Hamilton group. Their general affinities 
seem to be with the fossils of the Corniferous and Upper 
Helderberg.’? McGee§ rechristened the entire series of cal- 
careous Devonian sediments with a term originally proposed 
by Owen, the Cedar Valley limestone, and this classification 
Barris| has recently accepted. The director of the present 
Survey and his assistants have considered it unwise to attempt 
any correlation with the divisions found to obtain in New 
York. The classifications suggested have been made for 
local convenience in such parts of the field as the members of 
the corps have occupied. And wherever the, lower strata of 
the Devonian have been studied in lowa, some subdivisions 
have seemed necessary. Thus, with the discovery of the 
Otis limestone, the more or less calcareous outcrops of the 
Independence, and the distinct fauna and lithological facies of 
the Upperand Lower Davenport beds, it seemed best not only 
to distinguish them from from one another, but grouping them 
together as the Wapsipinicon stage, to thereby separate 
them from the Cedar Valley limestone of McGee. Sucha 
separation has been found convenient in Buchanan, in Linn, 


*Geol. Lowa, 1858, vol. I, pt. I, pp. 81-84. 

+Geol. Iowa, 1870, vol. I, p. 187. 

¢tProc. Davenport Acad. Nat. Sci., vol. IT, p. 269. 1878. 

§11th Ann. Rep. U.S. Geol. Surv., p. 319. 

Our Local Geology. Proc. Davenport Acad. Sci., vol VI, p. 1, seq. 
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in Johnson and in Scott counties. And with the discovery 
that the Otis and Independence underlie the Upper Davenport, 
it became impossible to refer the latter to the Corniferous. 
The Upper Davenport beds were made the highest member of 
the Wapsipinicon stage because in Linn county a sufficient 
faunal break seemed to occur between these beds and the 
shales of the Cedar Valley above. This was seen in the 
relative predominance of different species above and below 
this line, in the presence of different species, and in changes 
in the varietal forms of the same species, as, for example, in 
the presence of the variety Orthis macfarlanet in the Upper 
Davenport, and of Orthis towensis in the Cedar Valley. In 
Scott county the reasons seem equally cogent for drawing the 
line between the two stages at this horizon. The lithological 
break is as distinct and the change in fauna as abrupt as in 
Linn county. <A list of twenty-four species is given by Bar- 
ris,* which are restricted to the Phragmoceras (Upper Daven- 
port) beds, and only eight are named which pass upward into 
the beds next higher. If it appears that the difference in 
fauna has been exaggerated, the upper limit of the Wapsipin- 
con may well be redrawn. 

Fauna of the Upper Davenport.—The fossils of these beds 
have been collected with great pains for many years, and have 
been carefully studied by members of the Davenport Academy 
of Natural Sciences. In its publications are recorded lists of 
fossils and descriptions of new species, for which science is 
indebted chiefly to the indefatigable labors of Barris. The 
following comprises the Molluscan, Crustacean and Crinoidan 
fauna so far as now known: 


*Proc. Davenport Acad. Nat Sci., vol VII, p 5. 1897. 
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Proetus clarus Hall. 

Proetus crassimarginatus Hall. ?{ 

Proetus prowti Shumard.*¢ 

Proetus rowt Hall.t 

Phacops rana Green.* 

Calceocrinus barrisi Worthen.* 

Megistocrinus nodosus Barris.* 

Stereocrinus triangulatus Barris.* 

Gyroceras pratti Barris.* 

Phragmoceras walshi M and W.* 

Actinopteria decussata Hall.* 

Conocardium cuneus Conrad.* 

Paracyclas elliptica Hall.*+t 

Paracyclas lirata Conrad.* 

Capulus echinatum Hall. 

Capulus erectum Hall. tt 

Platystoma lineatum Conrad.* 

Straparollus lativolvis Calvin.* 

Athyris vittata Hall (abnormal form). + 

Atrypa reticularis Linn.*+} 

Newberria johannis Hall.*tt 

Orthis macfarlanet Meek.t 

Pentamerus comis Owen.*} 

Pentamerella arata Hall.* 

Pentamerella dubia Hall.t 

Pentamerella micula Hall.* 

Productella spinulicosta Hall.* { 

Ehynchonella venustula Hall (intermedia Barris).* 

Spirifer bimesialis Hall. t 

Spirifer asper Hall. t 

Spirifer subundiferus M. and W.* 

Spirifer fimbriatus Conrad.* 

Teeth and plates of several species of fish occur in the 
Upper Davenport, of which only Ptyctodus calceolus N. & W. 


*On authority of Barris. 
+On authority of Calvin. 
+On authority of Norton. 
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has been identified. An interesting assemblage of corals is 
found, including <Acervularia profunda Hall, Phillipsastrea 
billingst Calvin, which is found six feet from summit of beds, 
and a form assigned with some question by Calvin to Yavosites 
placenta Rom.” 

Sections of the Wapstipinicon Stage.—The width of the belt 
of known outcrops of the Otis and Independence beds does 
not exceed two miles. The most southern outcrop is in 
Pleasant Valley Tp., Sec. 23, Se. qr., Ne. 4, at the crossing 
of Crow creek. The stream has here cut through the thin 
alluvium veneer which covers the flood plain of the Missis- 
sippi and discloses a ledge, three feet high, of two layers dip- 
ping 3 degrees southwest. The rock is a dove-colored, com- 
pact limestone, with Spirifer subumbonus. A few rods east a 
shallow quarry has been opened in the same limestone. 

A half mile north of the preceding station, where the 
Davenport road crosses Crow creek, in See. 23, Ne. qr., Ne. 4, 
the same rock is exposed, and from this point up the creek, 
on See. 14, Se. 4, it recurs in the stream beds and in several 
ledges, one twelve feet high. Here the beds are seldom less 
than a foot thick and are somewhat lenticular. In places 
they are crackled and fragmental, making the surface and 
fracture highly irregular. At the farthest point up stream 
at which the rocks are exposed they lie in thin beds, and here 
also are more or less fragmental. The Otis recurs near 
Pigeon creek, by the roadside in Pleasant Valley Tp., See. 13, 
Ne. qr., Sw. ¢ The total thickness of the Otis may reach 
twenty feet. In all these outcrops the Otis remains the same 
non-magnesian, dense, hard, brittle, fine-grained, drab lime- 
stone already described. 

The Independence, of the Kenwood type, is seen in the 
county only in Pleasant Valley Tp., Sec. 14, Se. +, along Crow 
creek. Here it rests directly upon the Otis, and consists of a 
brown, ferruginous, earthy limestone, seven feet in thickness, 


*In the reports on Buchanan and Johnson counties Calvin draws the upper limit of the 
Wapsipinicon stage just below the Phillipsastrea horizon. 
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in thin layers, with nodular masses of chert, and weathering to 
a stiff clay. Its upper limit has not been seen. 


THE LOWER DAVENPORT. 
DEVIL’S GLEN, DUCK CREEK, PLEASANT VALLEY TP., SEC. 27, Nw. i. 


FEET. 
ll. Breccia; fragments many, small, mostly under 2 inches 
in size, of Lower Davenport limestone; matrix of 
nearly same color, bedding planes partially preserved 8 
10. Limestone, crystalline, purplish-brown, irregularly bed- 
ded, containing a few angular fragments of Lower 
Davenport IMestOn etre elcoreecin acacia eae 1 
9. Limestone, drab, weathering to light gray, hard, com- 
pact, fine-grained, in layers 3 to 4 inches thick. 
Finely laminated, as shown by bands 2 mm. to 6 mm. 
in width, of distinct alternations in shade of color... 44 
8. Limestone, as above, laminz picked out by weathering, 
in places flexed, broken and even brecciated, the 


layer as a whole retaining its even bedding......... 13 \ 
Limestone, of color and texture as No. 9............... $ 
Shale, highly calcareous, brittle, finely laminated, red- 

dish-prowireterrucimoOusee ee ees cele een ere ee este, Se: 


5. Limestone, dove-colored, hard, brittle, finely laminated 

Nos. 5, 6 and 7 have weathered back from face of 

cliff, and from the distinct line that passes midway 
ACBOSSMU bares cielere te ereecte Ye-cdavacets. sista overs, re esters terotehs(orcys eres ale $ 


EaEENIE Wb S'8S Or OE MAR eto EO eos OR CIOCIOH COCO UO DOA aRIA Re 14 
3. Limestone, coarser in texture, coherent laminz picked 
GUbsbyawieablie win oF meyer cle. beyeresnscaveiue eet tevere odes sectehieas 44 


2. Limestone, brittle, drab, weathering to white, compact, 
semi-crystalline, in two layers, breaking in places 
into thinvirresular chipstones.s..i-ce. cece 54 

1. Limestone, finely crystalline, white or light gray, 
weathering into thin, calcareous plates; passing 
downward, and in places laterally, into mottled, 
vesicular, darker gray limestone, which merges into 
a basal, light yellowish gray, massive, finely erystal- 
line limestone, briskly effervescent in cold, dilute 
ny. drochlonicsacidenmrrtcr elt tere lottater tea talclove'» 8 
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GILBERT LIME QUARRIES. 
FEET. 

2. Limestone, evenly and horizontally bedded, fine- 

grained, dense, white or light gray, weathering to 

detached laminz from + of an inch to 1 inch in 

thickness, passing gradually into No.1.............. 5 
1. Limestone, darker gray, in layers, less regular in tex- 

ture and bedding, rough surfaced, to water in Mis- 

SISSUP PL VLMCL ace et tee) aetencaekotontemene dinteralstele cir et retin oc tf 


GILBERT, BOLAND AND ANDRE’S QUARRIES. 


FEET 
2. Limestone, as No: 2; injabove secnlonl... 262s ewe 8 
Limestone, mottled gray, in even layers, up to 10 inches, 
Slightly cvesioul an sxe anc = siesfae 812 jshe)oteloreteias ls el eV fatelet=rs 6 
CAMP M’CLELLAN, L. GOEMEL’S QUARRIES. 
FEET. 


3. Limestone, white and gray, layers from + inch to 4 
inches in thickness, brittle, subconchoidal fracture, 
laminze often curved from deposition over convex or 


concave surfaces, and in places brecciated.......... 3 
2. Limestone, gray, mottled, in irregular layers from 6 to 

12sin ches insthickn essays. -nelor ied ioe termes ae 7 
i Concealed towwater in Mississippi 5-1-5 <p cie Sela eye 3 


These quarries are deeply penetrated by pockets and chim- 
neys filled with fine, gray Carboniferous sandstone and shale. 
There are examples where the cavernous openings so filled 
have no visible channel connecting them with the surface, and 
where the shale is intercalated for a distance between sepa- 
rated lamine. Here the shales and sandstone might at first 
glance be supposed to belong to the Lower Davenport. 
Indeed, while Hall,* in his description of these outerops, 
refers in a footnote to the coal measures, his statements 
might easily lend themselves to an erroneous impression. 
‘‘There beds are separated by shaly partings and there is 
often much shale or clay in the interstices. Large spheroidal 
masses of greenish clay often interrupt the continuity of the 
beds, and sometimes these masses are connected with the 
fissures that reach the surface. The large amount of shaly 


*Geology of Iowa, vol. I, pt [, pp. 82-84. 
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matter, either mingling with the material of the rock or 
occurring as shaly seams between the beds, would appear to 
have rendered the conditions of the ancient ocean in a great 
degree unfit for the development of animal life.’’ So far as 
the writer has observed the shaly matter of these beds is 
wholly confined to the shales of the coal measures. The lime- 
stone of the Lower Davenport beds is unusually free from 
argillaceous admixture, and that the absence of fossils is not 
due to clay silts which are supposed to have rendered the 
ancient ocean unfit for animal life, is obvious from the fact 
that the highly argillaceous shales of the Cedar Valley beds, 
which occur but a few feet above in the geological section, 
are crowded with the remains of the animal life of the time. 


SECTION OF THE UPPER DAVENPORT BEDS. 


QUARRY OF MRS D. MEUMENN, DAVENPORT, FIRST WARD. ON FLOOD PLAIN 
OF THE MISSISSIPPI. 


FEET. 
3. Soil, black, sandy, with sparse gravel, passing into joint 
clay of same color containing sand and gravel...... 2 
2. Limestone (Upper Davenport), gray, granular, crystal- 
line, close textured, tough, hard, in rough-surfaced, 
irregular layers varying in thickness from 14 inches 
at base to 4 to 6 inches above. Blocks often show 
slickensides. Most abundant fossils Phillipsastrea 
billingst and Pentamerus comis. Rarely asmall angu- 
lar fragment of the Lower Davenport type is seen 
imbedded. Rock is penetrated by numerous cavities 
filled with clay (Carboniferous), often containing 
bowlderets of Upper Davenport type with rounded 
surfaces, together with sandstone and rolled pebbles, 
Oe C(O SUPA ENOL PISO? oo 5.0 cea duoor coo daonbene6 cca odOuD 6 
1. Limestone (Lower Davenport beds), brownish-drab, of 
finest texture, hard, brittle, in irregular layers 9 
inches and less in thickness, unfossiliferous, also 
penetrated as No. 2 by pockets of clay which in 
places becomes a conglomerate of worn limestone 
pebbplessiniarclayematwicc, csem sci erad aa elais eiteie- (s+ 5 
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QUARRY OF HENRY SCHMIDT, DAVENPORT, FIRST WARD. ON FLOOD PLAIN OF 
MISSISSIPPI RIVER. 


5. Soil, black, passing into No. 4..............+.sses sees i 
4, Joint clay, drab, slightly sandy and containing a few 
pebbles, lower foot stained and mottled by ferric 


vy clit AHH On San oueied LacbmntaCtorE fa Apa uoE 3 
3. Shale (Cedar Valley), calcareous, yellow, highly fossil- 
THUS WENN. 5 ORG Gow Boa Cau bud GoGnGon poem Fase cn rode 14 


2. Limestone (Upper Davenport beds), of color and texture 
described in above section, layers 6 to 10 inches 
thick, joints oblique, stylolated; fracture irregular, 
upper surface in places a coquina of detached valves 
of a Newberria with other brachiopods and corals. .12 

1. Limestone (Lower Davenport). Upper surface ex- 
tremely uneven, due to irregularities of deposi- 
tion. Contact with No. 2, in some places marked by 
a thin band, not exceeding 2 inches thick, of greenish 
clay. At eastern end of quarry these beds rise and 
pinch the Upper Davenport to a thickness of about 
5 feet. Lithologically a light, brownish-gray or 
medium dark drab, fine-grained limestone of con- 
choidal fracture, containing small and very rare 
crystals of sphalerite; more or less brecciated, frag- 
ments small, retaining their sharpest flint-like 
edges intact, edges of fragments often match 
although slightly detached. Matrix always slight, 
sometimes of calcite crystals, occasionally of clay, 
and often of limestone slightly more earthy and 
lighter in color than the fragments................. 8 


Numerous cavities reach to the bottom of the quarry. Joint 
seams have been widened in places to about 5 feet, and pipes 
and chimneys occur filled with light bluish-gray or greenish, 
finely laminated clay, or with a scree of such clay and pebbles 
and fragments of Cedar Valley shale and Upper Davenport 
limestones. A selvage one or more inches wide, of brownish, 
acicular, matted, transverse crystals of calcite sometimes 
separate the filling from the smooth and decaying walls of the 
cavities. 'These cavities have been fully described by Barris.* 


*Proc. Davenport Academy of Nat. Sci., vol. II, pp. 234-235. 
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CEDAR VALLEY STAGE. 


The limestones and shales of this stage of the lowa Devonian 
extend from the south line of the county as far to the north- 
east as Davenport. In the quarries in this city the lowest 
beds of the Cedar Valley consist of a soft, friable calareous 
shale crowded with fossils and separated from the hard lime- 
stone of the Upper Davenport by a sharp line of demarkation. 
The bedding planes in each of the two stages are everywhere 
parallel, and no trace of unconformity isto beseen. Instances 
of supposed unconformity which have been cited are perhaps 
due to the filling of cavities in the Upper Davenport with 
scree from higher beds. 

Southwest of Davenport no Devonian limestone is seen 
along the river bluffs until the creeks are reached which 
traverse the southwest quarter of section 13, Buffalo town- 
ship. Thence south to the county line every water course 
discloses the strata of the Cedar Valley limestone, and several 
large quarries afford artificial sections. So fossiliferous are 
the strata that the region about Buffalo has long been classic 
ground to the paleontologist. Large collections have been 
made from these beds, including the type specimens of a 
number of species. The time allotted to the present inves- 
tigator precluded any thorough collection, with systematic 
classification by closely discriminated horizons. Such horizons 
would scarcely be expected to extend far beyond the limits of 
the locality, and their delimitation may well be left to that 
eareful investigation of resident geologists whose work has 
already been so fruitful. 

A fairly well defined basal bed, some 30 feet in thickness, 
consists of limestones more or less argillaceous, and calcareous 
shales normally blue in color but deeply weathered to buff and 
brown. Although in part barren, they are as a whole, highly 
fossiliferous. They lie in even and nearly horizontal layers, 
thin, or of moderate thickness, traversed by rather frequent 

38 G Rep 
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oblique joint planes, and nowhere shattered orbrecciated as in 
Linn county. 

All observers have noted the prevalence of encrinal layers 
largely made up of fragments of crinoid stems. A character- 
istic species of these beds is Spirifer pennatus. The fossils 
associated with it are much more numerous than the follow- 
ing list of the commoner forms: 

Atrypa reticularis.* + 

Atrypa aspera.* t 

Chonetes scitula.+ 

Crania hamiltonie Hall.* 

Orthis iowensis.* 

Orthis vanuxemi.* 

Pentamerus comis.* 

Pentamerella dubia.* + 

Pholidostrophia nacrea.* + 

Stropheodonta demissa.* 

Stropheodonta perplana.* 

Spirifer asper.* + 

Spirifer subvaricosus.* + 

Tentaculites hoytr.* 

Aulopora cornuta.* 

Favosites alpenensis.* 

Monticulipora monticula.* 


SPIRIFER PARRYANUS BEDS. 


There rests on the beds just described a layer of white 
limestone, about 1 foot thick, with flinty fracture, weathering 
into conchoidal chipstone, and containing many masses of 
darker gray color, roughly columnar in shape, with radiating 
plates which afford a somewhat cruciform transverse section. 
This horizon is fairly constant throughout the region. At 
John Saur’s old quarry, Sw. 4, Sec. 13, Buffalo Tp., its most 
eastern outcrop, it lies 47 feet above low water in the river. 
At Clark’s quarry, about one-half mile west of Buffalo, three 


*On the authority of Calvin. 
+On the authority of Norton. 
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miles west and three-quarters of a mile south of Saur’s, the 
same stratum is found about 20 feet above the same datum. 
This is the closest approximation made to the dip of the lime- 
stone of the region. 

Above the layer just described lies a hard, light gray, 
crystalline limestone, with a system of joint planes different 
from the argillaceous beds beneath, and on the whole a 
distinct assemblage of fossils. Spirifer pennatus has now 
disappeared and Spirifer parryanus, which occurs sometimes 
with S. pennatus a few feet below the white stratum, has 
become a characteristic and one of the most abundant species. 
Associated with it are many corals which in places are so 
abundant as to constitute a reef. Of these Acervularia david- 
soni E. and H., Cladopora towensis Owen, were noted, the 
former being especially common. <Aérypa reticularis occurs 
in a robust form with Newberria johannis, Capulus erectum and 
a Dielasma. This bed is 3 feet thick at John Saur’s quarry, 
and 7 feet thick in Dutcher’s, and its total thickness cannot 
much exceed the latter figure. 

Passing up the creeks of section 14 and the sections west, 
there is seen to succeed a stratum of shale and argillaceous 
limestone, 6 or 7 feet thick, weathering toa greenish clay, 
andabounding in Athyris vitiata. Spirifer parryanus continues 
through this bed, and with it are Sprifer asper, Atrypa 
reticularis, the small, fine ribbed type of the Lime Creek shales, 
Cyrtina umbonata, Orthis iowensis, Stropheodonta demissa, 
normal type, as well as a small, finely striated variety. 

Upon this shale there rests heavily-bedded layers of gray 
and buff dolomite, weathering to darker shades, in places 
soft, earthy, ocherous, in others hard and crystalline, forming 
superficial sparkling crusts simulating sandstone. In the 
lower layers occurs a horizon in which Stropheodonta demissa, 
in several varieties, weathers from the soft limestone in great 
numbers. Associated with it are Spirifer subvaricosus, Orthis 
iowensis and Atrypa reticularis, the latter in a robust and 
coarse-ribbed form; 2 or 3 feet above are found casts of 
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Spirifer capax, which Calvin has shown are identical with 8. 
parryanus, together with Stropheodonta demissa, and several 
species of coral, among them Ptychophylium versiforme. 
Layers, probably a little higher, are characterized by giant 
forms of the commoner Devonian brachiopods. Aérypa 
reticularis is found measuring 44 mm. in width, and a flaring 
Orthis iowensis reaching 50mm. Stropheodonta demissa con- 
tinues common and assumes a transverse form reaehing some 
50 mm. wide by 30 mm. long. These dolomitic beds are 
apparently equivalents of the so-called Montpelier sandstone. 


DIELASMA BEDS. 


On Dodge’s ravine, south half of section 15, Buffalo town- 
ship, the beds just described are overlain with a thin gray 
limestone containing many terebratuloid shells and lamellar 
stromatoporoids. Dielasma iowensis Calvin, is here common, 
and asmall species is associated which may be allied to D. 
romingert, Athyris vittata, Rhynchonelia venustula, a small form 
of Atrypa reticularis, and a small, strongly plicated variety of 
Stropheodonta demissa were collected from the same bed. 
These layers are provisionally separated from the Spirifer 
parryanus beds, as no trace was found of that shell. 


SECTIONS OF THE CEDAR VALLEY STAGE. 


L. E. DUTCHER’S QUARRY OF BUFFALO TP., SEC..13, SW. QR., Sw. i. 


FEET. 

2. Limestone, hard, gray, crystalline, fossiliferous, 

Spirifer parryanus abundant, in horizontal layers, 

4 to 9 inches thick. Rare and small pits filled with 

coal measure clays indent the upper surface....... 7 
1. Limestone, argillaceous, blue, weathering to buff, 
upper 9 feet highly encrinal. Main joints run north 

35 degrees east and do not continue into No. 2..... 14 


OLD QUARRY, SAUR’S RAVINE, + MILE WEST OF DUTCHER’S QUARRY. 


FEET. 
4. Limestone, gray, crystalline as No. 2 in preceding 
Section 246 /o woe haan deena ee 
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FEET. 
3. Limestone, white, of finest grain, weathering to con- 
choidal chipstone, with many irregular columnar 
masses of darker limestone. .....0. 6.5. .c.0 cece ene 4-1 
2. Limestone and shale, blue and buff, highly fossilif- 
erous, weathering tothin lamellar chipstone; includ- 
ing harder, less shaly beds above of encrinal lime- 
stone largely composed in places of columns of 
crinoids, maximum thickness of any layer, 8 inches 16 
1. Limestone in bed of creek, gray, argillaceous, no fos- 
Sis MOtlCedtix a iso th.-huste parses eiaieysisloeteiace ele aleseotets 


WALKER’S QUARRY, BUFFALO TP., SEC. 22, NW. +, LEFT BANK OF DODGE CREEK. 


FEET. 
4. Limestone, Spirifer parryanus beds, light gray, crystal- 
line, with abundant stromatoporoid corals and 


INGF COE CIDE SOD 8 Oa. Coto 6 onmorions 600 Mabe 24 
3. Limestone, grayish white, with columnar masses and 

peptariaclike parting tee. adesciaec ses ce aac ale tes a 
Ueeelimestone, encrinaleimypart meet ci lst) yetaretl ei irsiete elas 63 


1. Limestone, argillaceous to quarry floor, fossiliferous, 
Nos. 1 and 2, originally blue in color, are now deeply 
e oxidized along all partings, retaining only bluecores 6 


In an older quarry, a few rods up stream, the same beds are 
seen. Below No. 3 of the preceding section lies a brownish, 
argillaceous limestone, highly fossiliferous, some two feet 
thick, resting upon encrinal layers, with shales and lme- 
stones interbedded, aggregating nine feet in thickness. 
Beneath this there le at the base of the quarry three feet of 
heavy, dark bluish-drab limestone, breaking into irregular 
masses with subconchoidal fracture, pyritiferous, very spar- 
ingly fossiliferous. Further up the creek, in section 22, the 
following sequence of beds was observed: 


FEET. 
6. Soft, buff, earthy limestone, with numerous casts of 
Spirifer parryanus and large corals, among them 
ECU CRODRUURLIRMUCTSU OLINCH Re eandnettersys tetanic «2 ee 11 
5. Weathered, buff, argillaceous limestone, Stropheodonta 
demissa very abundant, with Spirifer subvaricosus 
androthersoLrachlOnoGsaemere ita terete eels oie 3 
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4. Soft, buff, earthy, massive limestone, with a few indi- 
viduals of Stropheodonta demissa and Stictopora 
AUIS ERS 5 ROS IRARIAR DGUnaAcie oo conan OLtn Gris 4 

3. Soft, drab, argillaceous limestone, unfossiliferous.... 2 

2. Yellow, argillaceous, limestone or calcareous shale, 
crowded with Athyris vittata and other small 
DEACHIOPOGSe tena te Melos atte ee eee tata set 3 

1. Gray, crystalline limestone, with many corals, with 
Spirifer parryanus; forming bed of creek........... 


Still higher up the same creek the following section is seen 
in section 15, Buffalo township, Sw. qr., Ne. 4: 


6. Shale of coal measures, greenish, fissile.............. 2 
5. Limestone, ocherous, rough, varying locally in hard- 
ness, layers heavy and cavernous, upper half unfos- 
siliferous, lower half contains many lamellar stro- 
TIALOPOLOLAS sa see Saltese aialtn he cee tae 6 
4. Limestone similar tothe above crowded with Dielasma 
of several species, including D. iowensis, Stroma- 
tOporoidsabundantca<.eaacn aomeccedatemat crn tee $4 
Limestone, ocherous, containing many Stromatoporoids 1 
2. Limestone, varying in hardness, with moulds of fossils 
and casts of a giant flaring Orthis iowensis and other 
brachiopods, deeply stained with iron and man- 


DAN ESCA tap doeeh orca neheleckepete ate om tspeten Ay chore asst ae doneerors 4 
1. Limestone, argillaceous, bluish-drab, weathering to 
uti ein: threerlay Crsimaunsiec verter ie aie 24 


In Fridley’s ravine, Buffalo township, Sec. 20, Ne. 4, the 
beds immediately above the Athyris shale are more firm and 
crystalline. A small quarry on the hillside, fifteen feet 


above the creek, shows: 
FEET. 
Limestone, magnesian, buff, hard, with sparkling surfaces, 
resembling sandstone, contains large transverse forms 
of Stropheodonta demissd...........0e000. Sarco redy 


A few rods down stream this recurs at five feet above the 
creek and rests upon soft, buff, argillaceous limestone, three feet 
thick, crowded with Athyris vittata and other brachiopods. 
This passes into harder blue limestone containing the same 
fossils, exposed for two feet above water level. 
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\ 
CARBONIFEROUS. 
SURFACE DISTRIBUTION. 


The Carboniferous strata of Scott county are separated 
from the great coal field of Illinois only by the narrow and 
late cut trench of the Mississippi. It is to this field that they 
belong genetically, since they were laid down at the same 
time, along the shore of the same sea, with the once continu- 
ous deposits across the river. 

The largest and richest Carboniferous area in the county 
lies in Buffalo township. Le Claire township includes a valu- 
able outlier whose shales are worked at Island City, and 
another lies deeply buried beneath the drift in the north- 
western part of the township. Carboniferous deposits are 
reported in well records near Eldridge. They outcrop near 
the western and northern limits of the county, in Cleona and 
Liberty townships. About Davenport there are no quarries 
which do not show pockets of Carboniferous sandstone or 
shale. So many are these outlers that it is not difficult to 
believe that well nigh the entire county once lay beneath the 
Carboniferous sea, and was covered with a continuous veneer 
of its offshore silts. 

The surface upon which the Carboniferous muds and sands 
were laid is an exceedingly uneven one. The outlier at 
Island City, for example, occupies a channel cut in the Niag- 
ara limestone, a little more than a mile wide where it is 
transected by the trench of the Mississippi, and more than 
200 feet deep. In Buffalo township the valleys of the creeks 
show many sections of pre-Carboniferous channels, with ver- 
tical walls, filled with coal measure clays. About Davenport 
the Devonian was deeply dissected before the deposition of 
Carboniferous strata. This was in part by open waterways, 
but often also by subterranean stream courses in caverns. 
On Rock Island an eroded basin filled with coal measure shale 
was found in constructing the shops of the arsenal. This 
was explored for more than 1,000 feet. Its width was 900 
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feet and its depth was seventy feet and more. In building 
the Rock Island bridge coal shales were found in places at 
pier No. 5, to a depth of twenty-five feet below low water, or 
fifty feet below the ledges of Devonian limestone on the 
island adjacent. * 

In the quarries of Davenport these shales occur as the fill- 
ings of crevices. Barris notes one in Cook’s quarry 20 or 30 
yards in length and 3 feet wide, extending nearly or quite down 
to the Lower Davenport beds.t More frequently they are 
seen to occupy pits and irregular cavities and caverns whose 
connection with the surface is not always to be found. Above 
Camp McClellan an exposure of these clays may be seen filling 
a cavern whose roof of Devonian limestone is still partially 
in place. In Fulton’s quarry there was noted, some years 
since, a cavity 30 feet wide filled with most thinly laminated, 
non-calcareous, fissile, greenish shale extending nearly to the 
quarry floor. In the same quarry was a vertical crevice filled 
with a conglomerate of rolled pebbles of quartz, many of which 
were 3 inches in diameter. About Davenport there occurs 
also a fine, white, laminated sandstone associated with the 
greenish clay, and without doubt of the same age. In places 
this has infiltrated into the finest seams of the limestone, and 
here and there the fine clay parts the calcareous plates of the 
Lower Davenport beds into laminez as thin as paper. In the 
larger cavities the limestone forming the sides exhibits a 
weathered surface and occasionally is parted from the clay by 
a selvage of brown calcite in fine, transverse, acicular crystals. 
Often the clays contain fragments of the adjacent limestone. 
The attitude, composition and stratigraphy of these deposits 
point directly to their age as Carboniferous. Still more con- 
clusive are the fossils which have been found in them, the 
impression of a large Euomphalus ‘‘ very similar to a Carbon- 
iferous form,’’} and a fossil plant identified by Barris§ as one 


*A.S. Tiffany, Geology of Scott Oo., etc., Davenport, 1885, pp. 14-15. 
+Proc. Davenport Acad. Nat. Sci., vol. I., p. 261. 

#Hall: Geology of Iowa, vol. I., pt. 1, p. 130. 

$Proc. Davenport Academy of Nat. Sci., vol. III, pp. 163-168. 
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belonging to thecoal measures. At Black Hawk the cuttings 
of the Chicago, Burlington & Quincy railway disclosed a 
Carboniferous outlier beneath the drift, with 18 inches of coal. 

Carboniferous outliers occur in the immediate valley of the 
Mississippi at water level and below, from Muscatine county 
as far north as the city of Clinton. Furthermore, the intri- 
cate dissection of the pre-Carboniferous country rock just 
described, the filling of the finest seams and crevices, and the 
numerous small cavernous channels, preclude the hypothesis 
that there has here been any deep denudation of the pre-Car- 
boniferous country rock since Carboniferous times. For in 
all probability the seams and cavities thus filled with sea silts 
were near the rock surface at the time of their filling. Yet 
it would be unsafe to conclude that the present valley of the 
upper Mississippi antedates the Carboniferous. The present 
rock-cut valley of the river is a shallow one, and the greater 
elevation of the country rock, and of the outliers in the west- 
ern part of the county, may be largely due to post-Carbonifer- 
ous deformation. Since the coal measure outliers in the 
northern part of the county rest immediately and unconform- 
ably on Silurian strata, we may infer that the rocks of that 
area had formed a land area during Devonian times and had 
been sculptured by running water, with a maximum relief of 
about 200 feet. With the coming in of the Des Moines stage 
of the Carboniferous a progressive depression of the land 
from the south northward brought in the Carboniferous sea, 
at least into the deeper valleys, if not over the entire surface. 
The elevation above tide of the bottoms of the various out- 
liers, so far as known, is about as follows: 


FEET A. T 
BU alOMh Ds cyaecncsatetetaiepecctols Siri sie itueeteeusi vonapaers erera e's s 560 
Dawenportwlipmercvicict cece cok +c ck ctte cite cleats e225, oiete seis. soe 500 
islands itive iteas coca dels at ptcietlstdes Sete. oes cs 488 
Ari GOS MA a attr ler se cisco aetela sis srcctus a Sain cte sitet stp 580 
eiClairer ips orter/siCOrnerseauc. tate ete te tees clos esol 465 
(Oars E AN os ISOS HG ogo pod no onde do cdoonncaee aoemo cauee 614 
Hearn IND SOs Loo coconkondidnno nandonddpcadocupsoHBeede 725 
iLook A) TSO Meco bbnocsodoo soa0co0 dead 6ooGGo GOne 620 


ILilleerainy “ADj og teis\Oo. Pom cco colnnooo mn coneco poop donooccoumeen 735 


466 GEOLOGY OF SCOTT COUNTY. 


The lithological characteristics of the Carboniferous deposits 
of the county are given under the detailed sections, and it will 
there be seen that, like the strata of the Des Moines stage to 
which they belong, they consist chiefly of shales with some 
sandstone, fire clay and ironstone, argillaceous, bituminous 
limestones, and discontinuous seams of coal. 


SECTIONS OF THE CARBONIFEROUS, BUFFALO TOWNSHIP. 
J. JAMES & SON, SEC. 3, SW. CORNER. COAL SHAFT RECORD. 


THICKNESS. DEPTH. 


Jieellow .claymlelelstoGene nae me denice 22 22 
8. Forest bed (‘black dirt, like barnyard, with 

WO OCH hae tie wcrusiskely oh axe einer. arate emcee $4 26 

ion eolue Clay, Pleistocene je meccns fae ae ete cans 11 37 

6: Soapstone, Carboniferous: ... ..4....-6000s0% Ir 54 

dm andstone, light: yellowsaceeress)/eeseln ee 30 84 

dS LACS labyishalOnmictents ani mae eee erie ace Tes 2 86 
3. Blue rock, hard, argillaceous and ferruginous 

LIMIESLONOH Cras tenes hee een resets ecteniae 10) 97 

COaR re Frac cee oe cern teas, Fe nee ee 24 99 

Paine olaiy-s. Waa 2. ccna travian 73 tieeaeT ee oee 16 115 


RECORD OF J, ANDERSON’S COAL SHAFT, ROBT. WILLIAMS’ FARM, SEC. 11, Nw. t. 


THICKNESS. DEPTH. 


dap (Glacialle clays aay teow arteriole Cee 48 48 
CESORPSLONE Corie Pita elccc eee Chena een 4 52 
Oa ean StONe willbe aac e tm eee ee 2 54 
AiO Hale HOt Gate pemrey teveet ere nia te ae Ren ee 54 594 
SMe SANOStOne andeshial Owe itera tem ree 414 101 
ZENSIAbY  SHALG que Wateyod. seein ean as eae ee 1 102 
ARP LC OBL 7 ce hiete,stue elas a tatate eas esas tees okie Ma ketene 3 105 


CLAY PIT OF DAVENPORT BRICK AND PAVING COMPANY, BUFFALO, 


THICKNESS. DEPTH. 

8. Loess, middle and upper phases ............ it 7 
7. Till, red, brownish-yellow, clayey, pebbles 

plentiful-but small, few exceeding 2 inches, 

and only one seen reaching 5 inches..... 5 12 
6. Shale, weathered, gray and ocherous yellow, 

readily disintegrating, joints and seams 

and spaces between laminze filled with 

ocherous accumulations. ...............-- 5 HY) 
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THICKNESS. DEPTH. 


5. Shale, black, finely laminated.............. 12 29 
AOU OLe OE AA ne ena. cele? cisivcle cle WolaeereEe 1S 32 


3. Shale, dark drab and place brittle, fine- 
grained, containing ferruginous nodules 


andenodulanslayversen.en ster ies cr ee 74 
2. Shale, gray, disclosed in shaft below bot- 

COMMOL VPI sacs. Geta teicach hetaqew state mace. mateanneessere 26 100 
1. Rock very hard fiestoney) dip of shale 4° 

Wiss COS CNM E bacco ple ss cae et cre oes Se e's 100 


Fiaq. 50. Olay pit of the Davenport Brick and Paving company, Buffalo, Iowa. 


Cc. ROWAN, SEC. 10, SW. QR , NE. ¢+. RECORD OF COAL SHAFT. 
THICKNESS. DEPTH. 
PEO WaClAY Sse ccioiersiets wile cairo ieke Obie sersmsie et OO: 35 


(h 

Omer O sca yiSieterayatevonss etcke weve eves eoisus tars ayals sake sven 30 65 
5, Potters’ clay, Carboniferous............. Dare ged 69 
4. Sandstone......... abs eeseameerestetass 1 O 74 
Sig aby shale penerctrcicvotcts atte sietetelsteverers taleusielersy stay £3 17 
Deel ard bla Gk eroc Kem acctcritacite aie cimatench iene TO 80 
AL CORI asia dats ciscxtietaialsiate reas Be nRyeeerves Aad OO 83 


RECORD OF WELL, BUFFALO TP., SEC 16, SE. QR., SE. t. 


THICKNESS. DEPTH. 
ONGC LLO WC layne erteter rteicrstaie ainnerelss sie'eal sreure pops OU 20 
SMES OAPSLOMC rete ecise keet pais cha sc tis atin. 20 45 
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THICKNESS. DEPTH. 


Te, | LAGE soa cutotcin conan a bret Sint ieas Mies Meee 23 73 
Ose WOOG] sch a ec akan eae dake Se ete one ene ree + 4s 

BMBITS. Cla yecoed ao ee re rate wee ee tera sers 2 50 

fo Shalescckse Sache Peele es ee ee ane eae 20 7 

SEP COa] cats sess oie cidowle a sate ato ee ele ene eons 23 723 
Dee? FUNG :Clay Matin Seis einie te eee re eed We saat 1 733 
1) Igimestone,. Devonian. meses a. coos les ea cae 663 140 


RECORD OF WELL OF M. SARGENT, LE CLAIRE TP., SEC. 5, SE. $, CURB 700 A. T. 


GAA SOL entst comcast see Ui Setar ere ce ee 7 T 
Sa piivex shal Os Syn Sceseieia ec Nee atest rs ee 67 7 

Tt GLay. SAndStOne 07,06 -v eae s loan ee ate 10 &t 
6" Darker shales: 2h. tees k ase ccs a neta 10 g4 
Supe Dark Caprocks.\ tuodsccsrmenetee fe baka wane 3 97 
EARR COOGEE core oer ate Remo oe Me oate! eterna Cae ooo 5 102 
SOMLPO GLA Wi a. arta ¥ aecits ote Selsey ew tore Saletan 12 114 
DISS LO vee e a:t tin Argos Ne aietslui en ape See See Clee eee 105 219 
USE MILSLIMGEGON STAT cece Co chremte s-0 Ge cei sentte ae Serre 219 


CLAY PIT OF LE CLAIRE BRICK AND TILE CO., ISLAND CITY, LE CLAIRE TP. 


THICKNESS. DEPTH. 


7. Loess and till, unmeasured. 

Ove CannelGORL 5 son cote ta a Ieras oer coca Gece 2 2 
De PE OULCTSMGLUY 2 on weuen rata Sea ioe h aces = 6 
ARENT OA raed AS ee aeee Se ATS NCI Rae” ANE, RN, BP Toe 1 7 
aS HUT OTOL BY h cre-e. cca cteiScie ane em cae cee =e aa li 
PAS ASAE gah Beep AEE Ae Sen aired gel mm. a 2 13 
lnohalenbiack. tos botbonl plise. ec. csece see 20 33 


WELL RECORD OF LE CLAIRE BRICK AND TILE CO., ISLAND CITY. 


THICKNESS. DEPTH. 


CoP SHBG Car natn cine nee wrt re ie clea «bic nen aie 90 90 
5. Sandstone, fine, white, hard.......... ..... 6 86 
AAS SHAIO UDG ccnaces sede och oebw aes ak ooatas mee 70 166 
35 Sandstone asUNo? Seeks Sans oaccaeeesse. Sak 9 175 
2. VShele. plu: 2s...sahee seas Oke eee es Saeeee 200 
1. Limestone, with water vein beneath shale 


under sufficient pressure to rise within = 
four feet: oF suriaces.k ce ee steer eee es 263 2263 


CLEONA TOWNSHIP, SEC. 7, SW. #. 


A small outcrop of fine yellow sandstone, unfossiliferous, 
rests on Niagara limestone on the shoulder of a hill 36 feet 
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above the level of the creek below. No ledge was found at 
this height on the hillside. Fragments and disintegration 
bowlders occur for a few rods, and a small pit marks the site 
of a long disused quarry. 


CLEONA TOWNSHIP, SEC. 4, SW. t. 
WELL RECORD, FARM OF WM. RHEIMS. 


THICKNESS. DEPTH. 


Wee CISPOCEHO Ce pOslis ici ioe 114 oo vee eae 144 144 
SHMNOUDL Cae Acti setae, pie Tomiie dean sugeee eee obs 1 145 
URC OA Nt ias sOiee Seg cee hae Melee aae apie 1 146 
lee LAM CStONCIAi seus co apace eicee Pe e-acen as 146 


ELDRIDGE, RECORD OF CREAMERY WELL. 
THICKNESS. DEPTH. 


2 EICIStOceHeHCeCPOBILS a4. oom ooo me oases - 180 180 
1. Shale, gray, fine grained............ Hoe aria 20 200 


LINCOLN TOWNSHIP, SEC. 2, sw. 4. 
RECORD OF WELL ON FARM OF DETLER ARP. 
THICKNESS. DEPTH. 


3) leistocene deposits. a. near - iis nce sas tt 113 113 
MES LLEUL Ola pes Settee are hits Peay nator Ne eee et Os se 7 120 
i erISLIWM eC STON Gea a cere aie aa 2 oye s Cole oe bas Oe 10 130 


LIBERTY TOWNSHIP, SEC. 22, NE. QR., SW. t. 


Here a road cutting on the side of the hill descending to 
Walnut creek, exposes some 30 feet of Le Claire limestone of 
the massive Le Claire type. Midway up the hill occurs a 
large cavity, 3 feet deep, broadly open above, with extensions 
into the rock on either side filled with greenish, plastic, 
gritless clay, entirely similar to that at Davenport, Clinton 
and many other localities in this region of the state. 


GEEST. 


The indurated rocks of the Silurian, Devonian and Carbon- 
iferous systems record that inconceivably long lapse of time 
during which the area now occupied by Scott county was 
covered with the waters of the Paleozoic ocean. At last the 
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sea retired wholly from the area, and for countless ages a 
land surface was exposed to the disintegrating and dissolving 
action of the weather. The rock surface was thus everywhere 
roughened. Wherever the root pried apart the layers of lime- 
stone, or where by any cause a way was made for the down- 
ward passage of water, there the ground water charged with 
humic acids and carbon dioxide took up the rock into solution 
and opened pipes and chimneys and pits and cavities of 
various shapes and dimensions. Slight though it may be, 
there is yet in all limestones an insoluble residue of fine 
quartzose, argillaceous and ferruginous matter. Left behind 
after the carbonates of lime and magnesia were dissolved and 
carried away to the sea, these insoluble ingredients remain as 
fine, plastic, unctuous, gritless clays. The ferric oxides which 
were able to color the bulk of limestone to which they 
originally belonged only afaint tint of buff, when concentrated 
in the thin residue of clay give it the deepest shades of red 
and brown. These products of rock decay, known as geest, 
have in places been wholly removed by glacial scour, but for 
the most part the rock surface and the geest upon it remain 
much as they were at the beginning of the invasion of the ice. 
Deeply and firmly frozen, they resisted the slight erosive 
action of the glaciers whose chief function in these regions 
seems to have been the deposition of material excavated 
elsewhere. 

In Liberty and Cleona townships the preglacial decay of 
rocks is especially well marked. Pits of weathering descend 
as much as 12 feet from the rock surface. These are lined 
with geest, but are usually filled with glacial clays. The 
section given of Steffen’s quarry p. 431, exhibits the common 
condition of the rock surface under the Kansan drift. A 
typical exposure of geest is also seen in a road cutting in the 
north half of section 22, Liberty township, on the sideof a hill 
descending to Wainut creek. The rock surface slants with 
the slope of the hill, showing the valley here to be preglacial. 
On this surface lies from 1 to 2 feet of geest, a dark, reddish- 
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brown, jointed clay, graduating upward by reassortment into 
a lighter loam, which in turn passes into 2 feet of true loess. 
In the geest are found sparse pebbles of glacial drift even to 
its base, showing aslight rehandling of the geest by the over- 
riding ice. Along the Mississippi river, in the region covered 
with [llinoian drift, the rock surface is less deeply weathered 
and pitted. 
PLEISTOCENE. 
TAXONOMIC RELATIONS. 

In the diversity and interest of its deposits of glacial drift, 
Scott county is hardly surpassed by any area of equal size in 
the United States. Lost pages of Pleistocene history are 
here recoverable, and evidence is at hand which may help to 
solve questions of long dispute in glacial geology. The drift 
deposits of the county will be described under the categories 
now in use by the Iowa Geological Survey, which recognizes 
. the following sequence of events in Iowa during the age of 
the Great Ice: 

First.—An invasion by glacial ice from the north, perhaps 
an extension of the Kewatin ice sheet, whose center of 
dispersion lay west of Hudson bay. Little is known of the 
till deposited by this invasion and it is termed for the present 
the pre-Kansan drift sheet. 

Second.—A stage of deglaciation, the Aftonian, during which 
the glaciers retreated, probably beyond the limits of the state. 

Third.—A second and more formidable invasion by the 
Kewatin glacier, which pushed the ice front south to the 
Missouri river. 'This stage and the drift sheet then deposited 
are known as the Kansan. 

Fourth.—A second stage of deglaciation, the Yarmouth, 
during which the land left bare by the retreat of the ice far 
to the south, weathered into rich soils of prairie and forest. 

Fifth.—A third ice invasion, the Illinoian, entering lowa 
from the east, and occupying a narrow strip of country along 
the Mississippi extending from the Wapsipinicon south nearly 
to the Des Moines. 
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Siath.—A third stage of deglaciation, the Sangamon, dur- 
ing which the drift sheet left by the retreat of the Illinoian 
ice weathered into soil, and was covered with peat swamps, 
savannas and forests. 

Seventh.—A fourth ice invasion, the Iowan, coming from 
the north and extending on its eastern margin as far south as 
Seott county. Southward from the front of the Iowan ice 
was laid down in some manner, at present undetermined, a silt 
called the Iowan loess. 

HLighth.—A fourth stage of deglaciation and soil formation, 
the Peorian. 

Ninth.—A fifth ice invasion, the Wisconsin, confined in 
Iowa to the central portions of the state, and extending as 
far south as Des Moines. Of the nine stages just enumerated 
records of all are believed to exist in Scott county with the 
exception of the last two, the Wisconsin and the Peorian. 


CONSPECTUS. 
STAGES OF STAGES OF 
GLACIATION. DEGLACIATION. 

9. Wisconsin. 
7. lowan. 8. Peorian. 
5. ITllinoian. 6. Sangamon. 
3. Kansan. 4. Yarmouth. 
1. Pre-Kansan. 2. Aftonian. 


PRE-KANSAN. 


No exposure of this drift has so far been discovered in 
Scott county. As described in its typical outcrops in the 
southern part of the state by Bain, its discoverer in Iowa, it 
is physically a dense, flaky, bluish-black till. It can be recog- 
nized with certainty only where it is separated from the over- 
lying Kansan till by a weathered zone, an ancient soil, or a 
forest bed. The pre-Kansan appears in evidence in the fol- 
lowing records of the wells of the county, and these present 
little except its attitude, color and local thickness. 
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CLEONA TP., SEC. 4, Sw. +, FARM OF WM. RHEIMS. 


THICKNESS. DEPTH. 
3. Clay, blue, hard, pebbly, Kansan........... 50 50 
2. Ancient soil, ‘smelling like ground,’’ emit- 
ting gas, making it difficult for diggers to 
stay in the well more than half an hour 
at a time, containing wood, of which the 
largest piece was about one inch thick, 


AIEONIAN aractne a sive sinter eitrela ate ereiee iL 51 
1. Clay, blue, hard, pebbly, pre-Kansan, pene- ~ 
tratedsto depth) OF.) cm ssttice ete cle sieia) creteeeres 19 70 


No water was found, and a well was drilled near by and on 
the same level. In this no record is at hand of the ancient 
soil, but the number 1 was found to continue to a depth of 146 
feet, giving the pre-Kansan here a thickness of 95 feet. The 
well is situated in- the area of Kansan unreached by the IIli- 
noian or Iowan. 


CLEONA TP., SEC. 19, NW. 4, HEINRICH GOETTSCH. 


THICKNESS. DEPTH. 


a Clay Be aie ten east co ORY. 102. . 102 
3. Clay, black, ill smelling, Aftonian......... 45 147 
2, Clay, blue, hard, pre-Kansan..... ........ 50 197 
Le Quicksand wimosbl yutin eC asi.1cre fs ciao eevee ole los «ite 134 331 


This well penetrates the bed of a preglacial river which 
passed northeast through Cleona township, and which we may 
refer to conveniently as Cleona river. It is in such deep val- 
leys, where glaciers must deposit and where they can least 
erode, that ancient tills may be expected to be best preserved. 


ALLEN GROVE TP., SEC. 26, NE. +, HENRY ROH. 


THICKNESS. DEPTH. 


6. Clay, yellow above and blue below......... 100 100 
SERMON CS 20) Clashes woaseterete aus ot shereros. ¥ caress tue otenah oe 25 126 
4, Clay, blue, stony. 

Sea ENINV OSA Oman Me leleleleiaicteie! ei leisto.cuieicid eater 70 

2. Glay, blue, stony. 

eG PAV Olperraetteeioure well eas ea icrberogie awalarcryelsstoces 25 300 


There are apparently three distinct tills here penetrated, 


the combined thickness of the two lower being eighty feet. 
39 G Rep 
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The lowest of these we may refer to the pre-Kansan. Still 
less conclusive is the evidence of the next section, which 
seems to lie in a tributary to Cleona river. 


HICKORY GROVE TP., SEC. 19, NW. QR., NW. +, JOHN FRAUEN. 


THICKNESS. DEPTH. 


in Olen ween MUO Cee snore dcbe nica ¢ 20 20 
GPRS San GeyellOwere anne sole cte ser ctkerenn. sere otras 10 30 
Be Clay, va blo wie Se Ait ascites 120 150 
Ae Clava eDLUOs Seronitie crs) houssereercedene emolneree etna: 10 160 
Est) a\0 erie tome PIN] ey PRI On canes Oe Re Or 20 180 
0s, MONE iy NOE a aad on wenpain oo os Aid Oflo sam OUs.Ak 50 230 
emer avielee Seca hie enaastacagsha cit sles saatavens tata Percys sae. ig 3 233 


This well, like the preceding, is situated in the area of 
Illinoian drift, and it is hardly safe to say more than that the 
No. 2 may represent the pre-Kansan drift sheet. 


AFTONIAN. 


As has been seen from the above sections, the pre-Kansan 
till is sometimes separated from the overlying Kansan by an 
old soil or forest bed. At the typical localities in Afton 
county, it is separated by heavy layers of gravel and sand. 
Such have not been found in Scott county except in the chan- 
nels of Cleona river and its branches. Deposits of muck and 
peat, soils mingled with vegetal detritus, and old forest beds 
are of much more consequence as evidence of interglacial 
stages, since they imply a freedom from ice for times suffi- 
ciently long for the accumulation of the deposits in question. 
Of the flora and climate of the Aftonian, nothing is known 
from the evidence at hand in Scott county. Indeed, so far as 
the county alone is concerned, the scanty data at hand upon 
which the Aftonian and pre-Kansan are based, could as read- 
ily be explained by local and temporary advances and retreats 
of a single ice sheet. But meager as are the data, they agree 
with a large body of evidence from other counties which con- 
sistently witnesses the hypothesis here used. 


THE OLDER DRIFT. 475 


KANSAN. 


In the northeastern areas of the county designated as the 
Kansan upland and the Kansan plain, the Kansan till lies 
immediately beneath the superficial water-laid clays; but 
many exposures occur in other parts of the county in areas 
marked as Illinoian and Iowan. Like any till, it is an unstrati- 
fied mixture of bowlders, cobbles, pebbles, sand, rock meal 
and clay. Of these the finest grindings of the glacial mills, 
rock meal and clay largely predominate. Bowlders are 
neither plentiful nor large, and cobbles are comparatively 
rare. As in other glacial tills the larger stones are generally 
granitoids. Of erratics one foot and over in diameter counted 
in the Kansan drift exposed in the cut of the Burlington, 
Cedar Rapids & Northern railway west of Davenport, 51 per 
cent were granitoids, 37 per cent Carboniferous sandstone 
and limestone, 10 per cent greenstones and 2 per cent quartz- 
ites. In other exposures quartz porphyry is not rare. Four 
bowlderets of this rock were noted in the ravines on the farm 
of Mr. D. Snyder, section 1, Liberty township. Onan adjoin- 
ing farm two nuggets of copper have been found, whose home 
was probably the Lake Superior region. <A group of bowlders 
from this till lhe by the roadside in Liberty Tp., Sec. 6, Se. 
qr., Nw. ¢. They are from two to four feet in diameter; four 
of them are ‘granites, one adiorite. Three bowlders of coarse, 
pinkish granite are found in a slough in Cleona Tp., See. 7, 
Sw qr., Ne. 4, which measure each more than three feet in 
diameter. In Reim’s quarry, Cleona Tp., Sec. 7, Nw. 4, eight . 
bowlders were noticed, of which three were granites, three 
Carboniferous sandstones, and one a quartzite. 

Of the smallest stones and pebbles to about half an inch in 
diameter, greenstones prevail over granites, and still more 
numerous is local material—cherts of the Niagara, imestones 
of the Devonian, and shales and sandstones of the coal 
measures. The following list was made of 186 pebbles taken 
at random in the lower five feet of unaltered Kansan till, in 
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the Burlington, Cedar Rapids & Northern railway cut west of 
Davenport: 


PER CENT 
GrGCNStOME ichiciste nieces updo el pact severe ee aialesnitene tere eres 24 
GrADibe eis b erietes halare res olete erareuaeyalsea folate s whore mouse as iateteher veins 15 
VEN OIG oa gods Moot Obin by Ont. OOH BmOo DoD Cp SUCos soe 6 
Quartzand quartzite wie aac acces sence clash sere aaron 5 
MISCELLANEOUS? ae care.< nrsteteseneleinee stone hemes tare Statersigsel a roper ems i 
TSUIMESHONG, ceare teehee ere eae POET nate Cee IE Meche oe alee ee 29 
CHER PEN ea Fics SOE Gaia ad Sie es MR Cee ee eee OIE 6 
SSB AS CONC a. svsietereeseper ete oee wreloseuve oie abs tekase eiars oo 0h eicesel Seeie a maton aTeay 5 
Po a: 9 Ko See Mr pee ren ATT te Nene ct CA ro 2 
GWoalandecoaly SNAILS guns e's csa romeo eeuereis Olen meetin nel ner erates 7 
di baaQo oN err Ren nen Scie ach ewtice dcacmict een irece CISC GEOATto., + 


Several tallies of pebbles were made, with like results, from 
Kansan till in various parts of the county, and a classification 
of more than 500 pebbles from unaltered Kansan near Mt. 
Vernon; Linn county, gave about the same general ratios; 
vreenstone, 335 per cent; granite, 163 per cent; limestone, 263 
per cent; chert, 6 per cent; but naturally showed a less num- 
ber of coal measure shales and sandstones. 

Thus it appears that while granites prevail over greenstones 
among the bowlders, the reverse is true among the smaller 
stones. This is readily explained by the structure and 
weathering of the two classes of rocks. Granite weathers 
normally into immense bowlders of disintegration and these 
are not readily ruptured into smaller masses. But when 
granite is once broken into small fragments these soon crumble 
into sand by the decomposition of feldspar and mica. On the 
other hand several of the rocks popularly known as green- 
stones readily break up into angular chipstones. But their 
small fragments are exceeding obdurate. Their large numbers 
in the Kansan are an example of the survival of the hardest. 

Bowlders, sometimes, are beveled and faceted, and scored 
pebbles are common, especially greenstones and limestones. 
Even pebbles less than an inch through have been thus set in 
the ice and cut in the glacial lathe. The Kansan till is there- 
fore a ground moraine, accumulated beneath the Kansan ice 
sheet, largely derived from its erosion of the geest and rocks 
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of the state, and compacted into a dense tough mass by the 
pressure of the ice. 

That the Kansan is largely derived from the rocks of the 
state, ground fine in the glacial mill, is shown by the quantity 
of undecomposed flour of limestone which it carries inits clay. 
The unaltered Kansan till never fails to effervesce briskly 
when touched with a drop of strong acid. 

In color the Kansan is normally a bluish-drab. In texture 
it is exceedingly hard and compact. Itis often seen to be 
traversed by vertical reticulating joints which part it into 
polygonal blocks up to 3 feet in diameter. These cracks are 
often filled with thin, ocherous crusts, and on either side the till 
is stained brown up to 1 or 2 inches. Such are the effects of 
percclating waters on the deeper Kansan. Near the surface 
it is universally weathered, and exposures of normal Kansan, 
as it has .been described, are very rare. To a depth which 
varies, reaching sometimes 12 and 15 feet, it has been so pro- 
foundly altered that the weathered zone has been supposed to 
be genetically distinct from the unweathered till, a product of 
a later ice invasion, or deposited in a different manner. The 
lime has been leached out, so that the clay no longer responds 
to a test with acid. In placesthe lime has gathered into hol- 
low concretions. The texture has been loosened by frost and 
decay, so that the till crumbles readily into small particles 
near the surface, while further down its jointed structure 
appears in larger and larger rhombic blocks. © 

Still more striking is the change in color. From a fraction 
of a foot to 2 feet or more from the surface the Kansan is 
rusted toa reddish-brown, a terra cotta red, ora deep purplish- 
red, by the oxidation of its iron compounds and by the accumu- 
lation of iron salts brought down by percolating waters from 
the soils above. ‘This zone has been designated by Bain, the 
Jerretto, a verbal short cut whose superiority to the well worn 
phrase of ‘‘zone of ferruginous accumulation’’ is obvious. 
The ferretto changes downward to a lighter and less reddish- 
brown, to brownish-yellow, and toa yellow distinctly brighter 
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than the buff of the loess. So deep have these changes 
extended that seldom is one privileged to see the yellow merge 
into mottled gray and at last into the unaltered blue of the 
Kansan till. Where the Kansan is overlain by the Illinoian 
the ferretto may be placed in the Yarmouth inter-glacial stage. 


YARMOUTH. 


The lobe of ice from the great Kewatin glacier, beneath 
which the Kansan drift sheet was moulded, at last retreated 
from Iowa. In counties farther to the north it is supposed 
that at this time of rapid melting of the ice, heavy deposits 
of gravels were laid down in swift, glacial streams, and these 
have been termed by Calvin the Buchanan gravels. These 
gravels are not known to exist in Scott county; they are 
found in force a few miles north of the county line, near 
DeWitt, and it is from pits in the paha-like hills which they 
there form that the gravel is obtained which is being largely 
used for road making in Scott county. A sand and gravel at 
Dixon, beneath the loess and deeply stained, may perhaps 
belong to this formation. Just south of the county line the 
Durant cut of the Chicago, Rock Island & Pacific railway dis- 
closes a gravel, almost wholly made up of local materials, 
overlying Kansan till and covered with a ferretto; and similar 
gravels no doubt exist in the adjacent hills across the line. 
With these possible exceptions, the retreating Kansan glacier 
left behind it no gravel trains in Scott county, but only the 
barren, clayey waste of its ground moraine, the blue till. 
Barren and blue it could not long remain; gradually it became 
clothed with vegetation; forests and savannas of grasses, we 
may conceive, grew upon its level plain. Meanwhile its sur- 
face became deeply weathered, leached of its lime, commi- 
nuted into finer clay, and reddened with accumulations of 
iron. Where local conditions favored, it is believed that deep 
soils rich in humus were formed on prairie and in peat bog. 
These soils and the interglacial time of their making have 
recently been termed the Yarmouth by Leverett. Such 
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buried soils have been noted in Scott county by several glaci- 
ologists. Thus McGee* describes a subsoil bed in the bluff 
at the corner of Harrison and Sixth streets, Davenport, inter- 
calated between a blue till (the Kansan) some thirty feet 
thick, and fifteen feet of till (the Illinoian), upon which rests 
the loess. This ancient soil, which is not now visible, is 
described as ‘‘jet-black in color, weathering brownish, light, 
friable, of peaty appearance, with a maximum thickness of 
two feet.’? At a ravine in Crow creek, Pleasant Valley Tp., 
Sec. 14, Se. qr., Se. 4, a stiff, gray, gumbo-like clay, two feet 
thick, with many bullet-shaped, calcareous nodules, underlies 
a till supposed to be Illinoian, and may be referred to the 
Yarmouth, although it is water-laid. 

In exposures in Davenport an ashen, gummy clay, with 
black streaks apparently of humus, is taken to be of Yar- 
mouth age by Leverett, since it rests upon the Kansan and is 
overlain by the Illinoian. Forest beds appear in a number of 
the well records of the county; and although these records 
are Seldom complete enough for certitude, in several instances 
there is a fair presumption that the forest horizon is the Yar- 
mouth. About Hldridge, it is reported by two drillers that 
quite generally a forest bed is struck at from twenty to forty 
feet beneath yellow clay, which may include Illinoian with 
the loess, and above blue clay, which may be Kansan. Another 
driller reports that wood is often struck at about twenty-five 
feet in the vicinity of the adjacent station of Mount Joy. The 
following is perhaps a typical section of the Pleistocene in 
this region: 

SHERIDAN TP., SEC. 4, SW. QR., SE. +. WELL OF CHAS. MEIER. 
THICKNESS. DEPTH. 


hoor SSLOpUla VOW) S crctracts Cane ORO aa eC OLIGO aIOG ne 5 5 
3. Clay, yellow, loess and Illinoian (?)......... 20 25 
Ce HOLeSh DCU arm OU LM (2) ail eieet to ale tert ner 10 35 
1. Clay, blue, stony, Kansan, to rock.......... 65 100 


* Pleistocene History Northeastern Iowa, 11th Ann. Rep., U.S. Geol. Surv., p. 492. 
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BUFFALO TP., SEC. 3., SW. +. WELL OF S. JAMES & SON. 


THICKNESS. DEPTH. 


3. Yellow clay, loess, and Illinoian (?)......... 22 22 

2. Ancient soil, with wood, Yarmouth (?)...... 4 26 

1. Blue clay (Kansan) to rock ................- iB 37 
ILLINOIAN. 


It has been recently discovered that Iowa was invaded by 
glacial ice from the east, in a narrow belt stretching along 
the Mississippi from the Wapsipinicon to Ft. Madison. To 
Leverett belongs the honor of working out the cumulative 
and concordant evidences which attest the hypothesis. Some 
of the proofs found in other counties are not seen in Scott, 
such as westward bearing striz and the presence of bowlders 
of jasper conglomerate, whose parent ledges lie northeast of 
Lake Huron. But here, as elsewhere, the evidence of the 
Illinoian invasion has been left in a topography differing alike 
from the Iowan and the Kansan, and in a till of somewhat 
different physical characteristics. The ILlinoian drift is 
intermediate in its leaching and weathering between the 
Iowan and the Kansan, from which it is sometimes separated 
by horizons of weathering and ferric and humic accumula- 
tions. It contains a large number of pebbles of local deriva- 
tion. It is thin in the county, wherever it has been seen, 
and over much of the Illinoian area the drift encountered in 
natural sections is either Kansan, or at least has not been 
discriminated from it. The topography and limits of the 
Illinoian have been described. We append a few typical 
sections. 


DAVENPORT, EIGHTH AND MARKET STREETS. 


FEET 
Gis PEMUMUS: LAY OP. att. cee an tuba erence ert oon ene eee eee + 
5a Clay, brown, /Olnted, sandy sensei ee een 2 
4, Till, bluish-gray, mottled with reddish-brown, clayey, 


jointed, with many small calcareous concretions, 
pebbles smallGilimoian)e seem acer ae eee 3 
3. Clay, stiff, whitish pebbly, non-caleareous............ 3 
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2. Till, clayey, calcareous, brownish-yellow mottled with 
gray; jointed, breaking in rhombic blocks about 1 
inch in diameter, weathers on outside to thin crust 
of yellow clay which crumbles under fingers to 
small particles and dust. Clay grows finer and 
more plastic above and less pebbly. Kansan...... 14 

1. Till blue, or slate colored, pebbly, with gravel largely 
of limestone and chert and less than an inch in 
diameter, jointed, with reticulatisg cracks from a 
few inches to 3 feet apart, filled with fine yellow 
sand and with limonite crusts. On each side of these 
cracks, till is oxidized to brown for 2 or 3 inches, 
a few larger pebbles, up to 6*inches noted, all of 
limestone, fresh and scored. Near base and outer 
edge of hill veins up to 7 inches thick occur of 
coarse sand and gravel, discontinuous, dipping out- 


SIXTH AND HARRISON STREETS. 


FEET. 
8. Loess, light buff, pulverulent, fossiliferous, with small 
loess-kindchen, superficially indurated _-..-...... 8 
7. Loess, ashen, pulverulent, calcareous, horizontally 
Lie dais abet FENG Learns Ae is tarety cen bch Bierce Der ich MCHA Voce scant heen ORCS 2 
Gs. HOS ON Monee n Sh yoligneko os ek anndo obnaoonedae aS oN eGo I 


5. ‘Till, reddish, leached for 24 feet from its surface, with 
calcareous concretions for 4 feet from surface, ‘‘with 
traces of horizontal bedding at bottom, but with 
few vertical fissures or seams, a characteristic 
[Mbino Ta nape sare mente, (een Ah eee Nee meee cictnsie 7 

4. Till, yellow, calcareous, limestone and chert pebbles 
abundant, jointed, oxidized (Kansan), passing into 


INO at areca seein vesenccther vec ouskerne oh are eT NS Sa ee mesic nate 9 
3. Till, mottled, blue and buff, transitional in color and 
texture between Nos. 2 and 4.................0000> 2 


2. Till, bluish-gray, tough, hard, compact, jointed; pebbles 
small, few bowlders; calcareous; about 20 feet from 
base occurs a horizontal zone about 3 feet wide in 
which occur several thin seams of fine sand and of 
fine silt; these seams are highly oxidized and in 
places cemented by ferric oxides, Kansan......... 33 

1. Sand fine, gray and yellow, passing upward into yellow 
silt, stratification horizontal and undisturbed. 
Fragments of this silt occur in the till immediately 
LOO teatee setstio nies Messy ol event eaten ener a ishess ois eid a ecetelsteranere (ola dune. 5 


*Hr1om notes of Mr. Frank Leverett. 
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The two following sections are kindly furnished by Mr. 
Leverett: 


DAVENPORT, EIGHTH STREET, BETWEEN MYRTLE AND VINE. 
. FEET. 
DMO Watlel OCSSte sere ile. toa ee: mek roccnerater staenstehetelcastaret cr ebavetetehalensne eye 30 
4, Reddish-brown surface of Illinoian till sheet, leached 
and stained during Sangamon interglacial stage... 22-3 
3.. Brown, calcareous till, crumbling readily, a character- 
ipuKOM OU NeNEha A eas care Geka Orin O 8 Diigo tee ao 765 COM 15 
2. Ash colored, gummy clay, with black streaks appar- 
ently of humus, representing the Yarmouth inter- 
PUR OIALCUENEZ. Os bh Ubptuo sieduas be ducoadmonoan G10 uc 2-3 
1. Brown till, calcareous, fracturing in cubical blocks, 
color changing to bluish-gray at 12-15 feet, Char- 
ACLELISULCG AMSA) ClUloe te ania aalstell ycciclepeteueere<eleNels ters 25 


One to two miles south of Blue Grass the ravines expose 
the following beds: 


FEET 
aS IXeyet- eee rey ier MC LOL DR SAUD BEG MMOL OUR Die Oat Cn SBS 15 
She MOMENI OUGH eNO) Mm ore ooed bondebo damian oamacaGS 8-10 
YAP MG ablladtany, aol N aw towne poo bo dNe Gono cb oe buaneddihs 3-6 


1. Brown, sandy till (Kansan), exposed a few feet....... 


Similar sections are found in the ravines about one and one- 
half miles northwest of Blue Grass. 


SANGAMON. 


This interglacial stage is recorded in the weathered surface 
and the ferrettos of the Illinoian drift, and the old soils and 
forest beds formed upon it. These are overlain by lowan 
loess. Several examples of Sangamon deposits have already 
been cited. It is probable that the widely published sec- 
tion of W. H. Pratt of a cutting near Davenport* discloses, 
in its ancient soil and peat, the same formation. A number 
of well sections in eastern Scott county include beds of peat 
and old soils which may be Sangamon in age. The exact 
position of these beds is difficult to find out, the yellow clay 
of the drillers’ record including not only the loess but also all 
weathered and oxidized tills beneath. But where quicksand 


*Proc. Davenport Acad. Sci., vol. I, p. 96. Geology of Iowa, White, vol. I, p. 119. 1870. 
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is given beneath yellow clay of not more than the usual local 
thickness of the loess, it may be assumed that the yellow clay 
is wholly the loess. 

About Porter corners, west of Le Claire, it is reported that 
yellow clay twenty or thirty feet thick is underlain by quick- 


sand, and that beneath this is sometimes found an old forest 
bed, several feet thick. 


LINCOLN TP , SEC. 23, E. +, WELL OF MRS. MARY JONES. 


THICKNESS. DEPTH. 


Glee VZOL LO Wak Clays Bast vohiccershaiaes.trarc @ieyenstoierer ae aver aiens 30 30 
Dope QUICK SAMA ext ckek rercrort tee Mere eM ale anne orale eee 12 42 
4 PHOrest  beds(Saneamon)inccctdesecace «cid ae a 6 48 
Sipe LAy MO hs Wey on cercicn avec aie attains Meteroaies 20 68 
Ae Clave VELO Ws Ge OLY tetinomte ett irene: 40 108 
i n@layn olkwes pebbliys to mock. secre ce crete siete 12 120 


A generalized section of the Pleistocene in Le Claire town- 
ship is given by Mr. Clark, well driller at Le Claire, as fol- 
lows: 


FEET 
Baedlianice NOM hs rine se ne Oey EHNA otter a ey aera ated Sia SR 25 
Quicksand eine yo pluisine reassert clemicieteas tactics eeenteere 6-20 


‘*Rotton wood.’’ 

Clay, thin, hard, smooth, without pebbles. 

Yellow elay, stony. 

Blue clay, stony sometimes, with bowlders near bottom. 


ro wo mo 


IOWAN. 


The last glacial invasion of Scott county hardly more than 
crossed its northern boundary. Its track is found only east 
of the great elbow of the Wapsipinicon, and not more than 2 
to 3 miles south of its flood plain; and yet within these narrow 
limits are found perhaps all of the characteristics by which 
Calvin has proved its existence as a separate drift sheet of a 
distinct ice invasion. The peculiar topography of the lowan 
in Scott county has already been noted. The drift, com- 
pared with the Kansan, is more sandy and contains more 
large pebbles, cobbles and bowlders. While the latter do not 
strew:the fields with the profusion seen in Delaware and 
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Buchanan counties,* yet they are sufficiently common to form 
a distinct contrast with the loess-covered areas to the south. 
Pinkish granites are especially noticeable, and of the rarer 
rocks, quartz porphyry may be named. Deep cuttings are 
uncommon in the Iowan area, and none was found which 
reached through the unleached till. The deep red ferrettos 
of the Kansan are lacking, oxidized surfaces having a brown- 
ish tint. The Iowan area as here mapped includes the loess 
moraine of pahoid hills, even though these may in part rest on 
earlier drift. 

lowan Loess.—With the exception of the Jowan drift plain 
and the alluvial bottom lands, all of Scott county is covered 
with a mantle of fine silico-argillaceous silt known as the 
Towan loess. It presents three phases due largely to altera- 
tion since it was laid down. Lowestof these, lies the ashen 
loess. This is a bluish-gray silt, sometimes laminated 
obscurely, usually more pervious than the loess above, and 
retaining its original calcareous constituents. These may be 
uniformly distributed, but near the edges of outcrops they 
are segregated into calcareous nodules known as loess kind- 
chen, loess puppen and loess manchen. These are the ‘“‘ clay 
dogs’’ of the brick maker, to whom they are an unmitigated 
nuisance, burning into quick lime within the bricks in the 
kiln, and bursting them by the expansion of the lime when 
hydrated by the absorption of water. 

In this zone there is also a concentration of ferruginous 
constituents forming brown ocherous pipes and tubes some- 
times 3 feet long, and concentric nodules of the same material. 
These ‘‘ bulls eyes”’ occasionally reach a diameter of 6 inches, 
and, although soft while remaining in place, rapidly harden 
when exposed to the weather on the surface of a bank. 
Limonite crusts also occur, following lines of lamination and 
water movement. Occasionally such a crust, or a band of 
ocherous stain, divides the ashen loess from the main body of 
loess above. This ferretto is not taken to indicate an old 

*Oalvin: Lowa Geol. eure , Vol VIIL, pp. 172-172, 244-245. 
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weathered surface, but merely the place of deposit of iron 
salts by the.movement of ground water in the entire mass of 
the loess. Often it is impossible to draw any line of separa- 
tion between the two lower phases, the one grading inper- 
ceptibly into the other. 

' The main body of the loess isa light buff loam, often mottled 
or streaked with gray where it has either escaped oxidation. 
or has been deoxidized by the penetration of water containing 
organic matter in solution. Vertical cleavage is a notable 
characteristic. Lime occurs in minute, branching tubules, 
in kindchen and in small fossils, but the two latter are much 
less numerous than in the ashen loess below. Oxidation has 
often affected the entire mass of the loess, so that the lower 
phase is absent. 

The loess weathers superficially into a brown clay to a 
depth of from zero to four or five feet, according to the activ- 
ity of agents of erosion. This phase differs from the main 
body in its higher oxidation, seen in its deeper color and the 
still darker narrow bands of ferruginous stain which often 
traverse it parallel with its upper surface, in its general indu- 
ration, in its fineness of particles due presumably to disinte- 
gration, in its complete leaching, in the absence of fossils, 
and in its tendency to break down into a slope of crumbling 
fragments. 

Other differences in the loess are due to circumstances of 
deposition. On the Iowan frontier loess graduates vertically 
and laterally into sand, while a few miles distant to the south 
sand is for the most part absent. Over the drift plains of the 
interior of the county, the thin mantle of loess forms a some- 
what finer and more plastic loam. This is due in part to the 
deposition of the coarser material within short distance of 
the periphery of the Iowan ice, and in part to the alteration 
of the material by prolonged weathering. The latter cause 
is conceived as specially effective on level tracts where ero- 
sional agents are comparatively inoperative, where a heavy 
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humus layer continually generates acids which effect disinte- 
gration, and where the level of ground-water stands high. 

The loess rests here and there on unmodified till, the line of 
demarkation being of necessity sharp between the deposits 
of ice and of water. More often it passes into clays inter- 
mediate in texture and color, as in the Kansan area, or as 
within the limits of the Iowan by interlamination into strati- 
fied sands. 

Red Loam.—Outside the Iowan area hillside gullies which 
cut through the loess, often show beneath it a reddish, loess- 
like loam, often laminated, sometimes jointed, more clayey 
than the loess, and yet like it readily friable even when dry. 
No distinct line separates the red loam from the loess, and, 
beneath, it merges into a more plastic clay which in a few 
inches becomes pebbly and passes into the red ferretto of the 
till. So seldom is a section found on the summits of the hills 
and uplands that little can be said as to its occurrence at 
high levels. It is seen on the bluff at Division street, Daven- 
port, four feet thick, and in places it here is black with 
humus. It is near the bottom of hill slopes that it usually is 
disclosed by gullies, and in the Mississippi valley, where it 
often outcrops between Le Claire and Princeton, it descends 
to within ten feet of the water of the river. Here it is more 
deeply stained with ferric oxides and reaches the greatest 
measured thickness—some nine feet—which is three or four 
times what seems to be its average thickness elsewhere. 

At Theilman’s quarry, Le Claire, the red loam is seen to 
rise along the slope of the rock from about the level of the 
flood plain of the river, till here being practically absent, and 
thinning as it rises to merge into the loess. On the river 
bank, a‘few rods distant, the red loam is nine feet thick, is 
slightly laminated, but not so distinctly as is usual in lake 
clays. Physically it resembles a loess composed of a some- 
what wider range of particles, the siliceous particles being 
larger than in normal ashen loess. Toward the base it 
becomes slightly gravelly. 
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SECTIONS OF THE RED LOAM. 


LE CLAIRE TP., SEC. 26, Sw. +, ON BANK OF MISSISSIPPI. 
FEET. 


bo 
rd 
@, 
5 
4 
S 
i) 
B 


Ee eee eee een e ree eee seree ser oe eevee seseee 


1. Red loam, non-calcareous above, jointed, weathering 
into fragments a fraction of an inch in diameter; 
below more friable. Near upper surface rare peb- 
bles occur up to 2 inches in diameter, to road ..... 5 


LE CLAIRE TP., SEC 14, NW. 4, ON BANK OF MISSISSIPPI RIVER. 


FEET. 
2 ved loam, with rare pebbles? ..accasaceeens fs sees eo 4 
1. White clays, with horizontal, interbedded sand and 
gravel, to high water beach of river............... 4 
LINCOLN TP., SEC. 1, EAST 4, HILL SLOPE. 
FEET 
AM MSOeSsetOmn Ul) Su mim tsetse ore ore cucite solace ci gcteuskelerere es 30 


3. Loess, lower phase, slightly reddened, separated from 
buff loess above by slight ferretto and ocherous stain 
ARINC NEBL Wir CC ine ures beecseac tan meusyssce ce hecessiceyer ueuersapensakevere eae t 

2. Loam, reddish, laminated, non-calcareous, siliceous, 
particles indistinguishable in size under the micro- 
scope from those of ashen loess at Davenport, 
readily friable beneath fingers.... ...:........0.. 3t 

RAN SANGLI CLES LUO crm teriutaecromer deers \mte menos 24 


BLUFF, DIVISION STREET, DAVENPORT, 
FEET. 

5. Loess, upper and middle type. This grades into ashen 
loess below, but in places a ferretto of 3 inches 
separates them. This ferretto is also seen in places 

below the upper surface of the ashen type......... 10 
4. Loess, ashen, fossiliferous, with calcareous tubules and 
kindchen. Limonite casts, more or less spherical, 
occur up to 24 feet in diameter, which, on a hori- 

zontal section, simulate contorted laminz ......... 11 
3. Red loam, transitional, laminated, calcareous; mottled 
here and there with dark humus which in one 

place becomes a black humus layer................ 4 

2. Ferretto of till, leached free of lime, darkened....... 3 
1. Till, calcareous to within a foot of the ferretto, a 
stiff, stony, yellow clay without cobbles or bowlders, 
but with many small pebbles, of which limestones 

and cherts predominate; exposed.................. 8 
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Numbers 1 and 2 slope back into the hill and toward Duck 
ereek. To the south, down the hill, the till is broken by two 
depressions, each some two anda half rods wide, extending 
below the cutting, separated by a steep-sided mound of till 
six feet wide, and filled with fossiliferous loess crowded with 
limonite tubules, bull’s eyes and crusts obscurely laminated, 
dipping downward with the hill. 


DIXON, BANK OF WALNUT CREEK. 


: FEET 
Ga oesss lie htrbitapulverulen tte. et. estes sear e mee 22 
5, -Loess, mottled, gray and buff, with rare and small 
kindchen, passing by interlamination into No 4... 8 


4. Loess, light brownish-buff, of much the same texture 
as above, but slightly more clayey, with rare and 
small kindchen, readily friable......-----.--.----- 1 
3. Loam, light reddish-brown, obscurely laminated, with 
some sand, more plastic than above, grading into 


NODS Sees see hesae re Sse Sse Sse eeS cece eee s = 
2. Sand, clayey, with an occasional pebble, bright terra- 
GObtair ed aes ee locke eee ees eee eee 24 


Ie AbOL (G5 purplish-red, predominantly sandy, with 
numerous pebbles, all small, no stratification lines 
seen; pebbles mostly cherts and greenstones. Till 
dips with slopes of hill in both directions .-...._..- 8 

The intimate association of the red loam with the loess, the 
gradation between them, and the loessial texture of the loam 
indicate that the two silts were laid down in the same waters. 
The color of the loam and the wider range in size of its con- 
stituent particles, associate it with the ferretto of the tills 
on which it rests and show that, in part, it is derived by wash 
therefrom. 

Loess Sands.—The absence of sand and gravel over the 
larger part of Scott county is a striking fact, and one in 
strong contrast with the abundance of these coarser deposits 
of running water in the counties a little north and northwest, 
where the Iowan ice had full play. Beyond a short distance 
south of the Iowan frontier, even in the immediate vicinity of 
the channel of the Mississippi river, there were no currents 
in Pleistocene times, so far as the superficial deposits show, 
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capable of carrying heavier sediment than the fine silt of the 

.loess. North of that frontier sand is plenty, and its relations 
to the Iowan loess are so close that it seems best described in 
connection with it. 

In the great ridge of hills in Princeton township, which 
overlook the flood plain of the Wapsipinicon, heavy beds ‘of 
sands are superior and peripheral] to the loess. In many road 
cuts in this district typical loess is seen to pass outward into 
sands by gradations which show that the two deposits were 
contemporaneous. The loess is often seen also to pass down- 
ward into beds of sand by intercalation in tortuous, irregular, 
discontinuous layers, showing conclusively the genetic identity 
of the two deposits. 

A few typical sections are appended. 


BUTLER TP., SEC. 20, EAST 3. 


ay Shy aCG wah ee NETO Aen. 8 cori Buc oiee Dia OO Gacen dade COOsIOe 3 

1. Loess, buff, fossiliferous, graduating outward into fine 
yellow sand, and toward the margin overlying 
Stratiied Sand. Of SAME) COLOM scree eloicre cre. cleyels cise es 6 


\ 


BUTLER TP., SEC. 19, SECTION OF EAST END OF PABA, 


FEET. 
Sb Soll jaceiageiiaee Weysseanocdosceséupccoouuasoddoe oot 2 
Dy VOCE lis, TN, dconcooouoconandHne dognooraon0auoUDr 3 
1. Sand, fine, stratified, yellow, passing upward into true 
loess by interstratificabionmcn-. sels siste cle siecisai- 9: 5 


On the margin the loess passes under reddish, clayey sand, 
with purer sand from 1 to 3 feet thick. 


WINFIELD TP., BETWEEN SECS. 14 AND 20. 


OE Vili SASDD oo an Bde SCR OU IEG HEIR Cho HODES DO nee $ 

1. Loess, upper and middle phase, graduating downward 
into fine stratified sand which, on the north side of 
the hill,-dips outward and downward.......... Porn D 


These sections transect the margins of paha, and it is 
probable that, as in some more thoroughly studied paha in 


Linn county, a complete section would show the sand to thin 
40 G Rep 
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from the margin invaded, and to be absent in the central 
portions of the hills. ! 

The following sections indicate something of the structure 

of the massive sand hills northwest of Princeton. It must be 
| remembered that these sections are not vertical, but are 
descriptions of exposures along the slope of the hills. Thus 
the lower members which appear to underlie the upper may 
only abut upon their flanks. 


NORTH SIDE OF HILLS ON ROAD IN SEC. 29, PRINCETON TP. 


FEET. 
3. Unexposed or with small outcrops of yellow sand..... 62 
2. Loess, typical light buff, floury in fineness, inter- 
stratified with very thin and distant, parallel, and 
fairly continuous veins of finest sand dipping 6 


degrees: with slope OLinililii nmiacvete evsietets oie nlod ole 28 
1, Sand, light gray, merging inward into sandy clay and 
loam and buff loess, to-base of hill........... ..... 20 


The section on the south side of the same hill is more com- 
plete. 


FEET. 

10. Grass-covered, sandy slopes, with an occasional bed of 

somewhaticlayey Gand smn ntte at cats ete ero. oie 25 
9. At 85 feet from base, fine yellow sand, dippine with 
the hill, south 4 degrees, graduating downward by 
intercalation of bands of maximum thickness of 2 
inches, into typical loess. 
8. At 13 feet, typical loess. 

At 68 feet, typical loess, fossiliferous. 

At 63 feet, loess, fine. 

At 58 feet, loam, loess-like, a fine clayey sand with 
many kindchen, thickening down hill and merging 
downward and laterally inward into loess 7 feet 
thick. 

4. At 46 feet, loess, typical, light yellow-gray, with 
kindchen and fossils, 5 feet thick. 

At 43 feet, sand, yellow and somewhat clayey. 

From 25-38 loam, brownish buff, fine, sandy. 

From 1-26 concealed, probably sandy. 


Mon 


Pp w 


A deep gully on the same range of hills, section 23,'Prince- 
ton T’p., shows clearly the same relations of the loess and the 
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sand, the latter overlying the former and spread along its 
sides. This gully, the largest in the county, some 75 feet 
deep and several hundred feet wide, has been cut out in the 
last 15 years. Before that time the hillside could be driven 
across at any point. At the head of the gully, at the height 
of about 10 feet, black soil passes down into brownish, slightly 
sandy loam, and this into light buff, pulverulent loess. 

Within a few rods from its head the ravine has cut well 
down toward the base of the hill, and here, within 5 feet from 
the bottom of the gully, stratified reddish-yellow sands, dip- 
ping 4 degrees south, pass downward by interbedding into 
loess. The transition is effected in about 2 feet, within which 
measure the sand grows finer and its laminze more narrow 
from top to bottom, with a corresponding increase in the width 
of the interbedded loess. Atthesame level, afew feet distant 
to the south, the loess is succeeded outward by fine, and finely 
laminated, horizontally bedded, light yellow sand, including 
thin, darker bands of clayey sand and grading upward into 
coarser and redder sand. The relation between the loess and 
the fine sand cannot be seen; but they probably grade into 
one another as they are known to do elsewhere in the Wap- 
sipinicon valley. The aspect of such gradations strongly 
suggest that the deposit of loess was here made in currents 
retarded by hills of glacial till, while sand was being laid 
down in the more rapid currents along the open channel of 
the river valley. 

It is difficult to estimate the thickness of the loess with any 
degree of accuracy. Road cuttings seldom give a measure 
of the thickness, since it folds down over pre-existing hills like 
a blanket. Well records do not discriminate between this and 
yellow glacial clays. All the evidence at hand goes to show 
a considerable thickening of the loess in the vicinity of the 
Iowan margin, where it may attain the measure of 40 or 50 
feet. Along the Mississippi the loess reaches 25 or 30 feet at 
Davenport, but is considerably thinner than this in Buffalo 
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township. Over the interior of the county the yellow co 
can hardly be conceded more than 15 or 20 feet. 

The loess we have described is that intimately associated 
with the invasion of the Iowan ice and laid down as a result 
of conditions, at present not well known, in the glacial waters 
attending its melting. 

Preglacial Surface.—A very slight investigation suffices to 
show that the preglacial topography was widely different from 
that which meets the eye to-day. Rivers ran hundreds of 
feet below the present surface. Hills relatively high stood 
where the level prairie now stretches to the horizon. Were 
the cover of drift removed from the underlying rocks, their 
surface would be found rugged and hilly, deeply scored with 
manifold ravines, and trenched by river valleys deeper than 
that of the Mississippi, and as wide. But it is scarcely prac- 
ticable to draw the details of that ancient surface. For the 
most part we must rely on the records of the wells which have 
been sunk in the past few years. It is a familiar fact that 
the well ariller finds the distance to rock far from equal even 
from the same level. In one section, the drill grinds on the 
native rock within fifty feet from the surface; a mile or so 
away, rock is only found within 300 feet from about an equal 
elevation. These deep depressions, now plastered over with 
glacial mud, were cut by running water. They are not local 
discontinuous pits. They join and form continuous valleys, 
cut out by ancient rivers. Accordingly, the deepest drift 
wells are not found in clusters but in lines. 

The best defined of the old channels thus marked out, lies 
parallel, for the most part, with the valley of Mud creek, 
from which it is nowhere more than two miles distant. In 
Cleona township the course begins in section 14, not in the 
immediate valley of Mud creek, but across the crest of a low 
swell on the left bank. Udden, the discoverer of this ancient 
river valley, has traced it southward from here into Musca- 
tine county, and its course therein is described in his report 
upon that county in the present volume. In section 21, the 
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old valley lies two miles south of the creek, along the main 
- divide of the region. Thence it bends northward, and in sec- 
tion 15 of Cleona township, reaches within a mile of Mud 
creek; the hills here which overlie the old channel still being 
some fifty feet above the present valley. Trending north- 
west, it crosses Mud creek at Plain View, and recrossing, 


bends again northeast to Allen Grove and north by Donahue 
to the Wapsipinicon. 

Several well sections have been given showing the nature 
of the deposits which have filled this old valley, which we 
may conveniently designate the Cleona channel. 

Another buried channel, not so plainly marked, is traced by 
deep wells from the northeast corner of Blue Grass township, 
north along the east line of Hickory Grove township. It 
either runs north to join Cleona channel, or turns eastward 
along the north line of Sheridan township, and thence to Long 
Grove and the Wapsipinicon valley. 

North of Davenport, in Tp. 78 N., R. III W., Sec. 12, are 
several deep wells whose apparent isolation is due to the 
incompleteness of our data. In some instances of deep wells, 
investigation shows that the apparent great depth to rock 
was due to the fact that heavy Carboniferous shales were 
reckoned as ‘‘blue clay’ instead of as rock. Such wells also 
indicate buried channels, but of such vast antiquity that they 
were filled with the silts of the Des Moines stage of the Car- 
boniferous. . 

The list of wells which is appended to the report, exhibits 
data gathered mostly from the well drillers of the county. In 
several instances it was made from written records, in others, 
from the memory of the driller. No high degree of accuracy 
attaches to the records of the materials through which the 
drill passed; though they no doubt represent at least a com- 
posite of mental impressions derived from long experience in ~ 
the region. The distance to rock is believed to be, in most 
instances, reliable. 


/ 
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ECONOMIC PRODUCTS. 
Coal. 


In several .of the Carboniferous outliers of the county, as at 
Black Hawk and Island City, there occur thin seams of coal, 
but the only seams thick enough for profitable working are 
found in the large Carboniferous area of Buffalo township. 
Here mining operations have been carried on for nearly half 
a century; and along Stillwater creek, and about Jamestown, 
their record is left in the numerous heaps of refuse which 
mark the places of prospect shafts and abandoned workings. 
In 1897 three mines were reported in active operation, all near 
Jamestown. The Williams company mine, leased by T. E. 
Anderson, reports the number of days worked at 225, and an 
output of 4,500 tons. The mine of James & Son reports 130 
days’ work, and an output of 2,572 tons. From the Clipper 
mine Mr. 8. Long took a few hundred tons, and some was 
mined from a ‘‘ bank ’’ on the farm of Mr. EK. Pahl. The small 
output is in part due to the discouragement of a slack market 
and low price. The coal was sold in 1897 at the ‘‘ banks ”’ for 
$1.50 per ton. Several prospect shafts were being sunk at 
the time of the survey about Jamestown, Buffalo and Still- 
water. 

The seam worked by the Jamestown mines lies in a trough 
about two miles long and 200 yards wide, trending from north- 
west to southeast, and reached at a depth of about ninety or 
100 feet from the surface. In the center of this ‘“‘swamp,”’ 
as it is termed, the coal has a thickness of from four to six 
feet, but it thins as it rises to either side of the trough, whe re 
it lies some ten feet higher than in the center. In the James 
mine it is worked on each side for 100 yards from the central 
axis, and at this distance it is reduced to a thickness of two 
and a half feet. The trough rises from each end gently 
toward the center. Thus, at the James mine, the dip is 
toward the northwest at the rate of eight feet in 300 yards. 
Slight faults, rolls and pinch-outs occur on each side of the 
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axis, with the down throw on the swamp side, but nowhere do 
these seriously interfere with mining. The farthest point 
toward the northwest to which this seam has been traced is 
Blue Grass Tp., Sec. 33, Se. 4, where coal two feet thick is 
said to have been found, but to be unworkable because no 
roof overlies it. At the Williams mine, which has been 
worked for thirty years, the swamp is reached at a depth of 
102 feet, and coal has been worked to 150 yards to each side. 
The swamp here sinks to the southeast. Detailed sections of 
these mines are given elsewhere in this report. 

South of Jamestown there is an area where the coal is said 
to lie in a comparatively flat and uniform seam. It has been 
mined on the farm of Mr. Charles Rowan, Buffalo Tp., Sec. 
10, W. 3, about eighty feet from the surface. Several seams, 
two and three inches thick, occur above the one mined. Wells 
show that coal is underlain with fire clay sometimes to a 
depth, as is reported, of twenty-five or thirty feet, and at 
from 175 to 200 feet from the surface the drill passes into 
Devonian limestone. Toward the northwest coal is reported 
one and one-half miles south of Blue Grass, Buffalo T’p., Sec. 
8, Nw. 4, where a well record gives it a thickness of twenty- 
one inches at a depth of 114 feet from the surface. 

In the Stillwater district, west of Buffalo, no mines were 
found in operation. Here the coal is said to lie in ‘‘swamps”’ 
with a maximum thickness of four feet, and to be reached by 
shafts at a depth of about fifty feet below the creek bottoms. 
A full description is given by Keyes” of these mines as he 
found them in operation in 1893. 

Mining in Buffalo township is carried on with little difficulty 
or expense. Coal is found within easy reach of the surface, 
and in workable seams, well roofed with hard carbonaceous 
and argillaceous limestone or firm gray shale. No serious 
dislocations occur and all engineering problems are at their 
simplest. While the main swamps may be worked out in the 
near future, there are apparently large amounts of coal in 
~~ *fowa Geol. Surv., vol. II, pp. 472-473. 
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thinner seams, which will much longer yield a moderate 
return to the industry of the miner. 

All coal of the region is of the ordinary bituminous type, 
and, in its comparative freedom from injurious impurities and 
small per cent of ash, it compares well with the leading coal 
mines of the state, as is shown in the following chemical 
analysis* of a typical seam: 


ze , an SULPHUR. 
3 | g os 
2 On 38 Za 3 ry 
FRIEDLY & HOyT,| 5 | & 28 Be a3] & | @ 
BUFFALO, 4 8 ‘hs 5 = cba Bt” a ae 
eee: Bo] lies Lea, eel gee Se 
2 ao if es ® iy) 5 3 Ss 3s 
Gyles a o-= A rte) 2 Bes 
| = < > fy ) a a | a 
Top of seam....... 3.48 | 89.79 6.73 | 41.32 | 48.47 | 55.20 | 4.99 | .54 | 5.53 
Middle of seam....| 3.66 | 87.46 8.88 | 41.44 | 46.02 | 54.90 | 3.72 | .15 | 3.87 
Bottom of seam....) 2.89 | 82.03 | 15.08 | 38.09 | 43.94 | 59.02 | 7.80! .38 | 8.18 


Building Stone. 


Superior building stone is well distributed throughout the 
county. Zhe Silurian in the Anamosa type of the Gower, 
furnishes cut stone unsurpassed in quality in the state, and, 
in its heavier layers of coarser grain, a stone practically 
indestructible for bridge piers, culverts and heavy masonry 
generally. 

The quarries about Le Claire are the best developed of any 
using the Anamosa stone. Detailed sections of the quarries 
of F’. H. Thielman and of Velie and Nason have been given 
together with several others of less economic importance. 
In all these quarries the light buff dolomite runs in even 
courses about 1 foot in thickness, traversed by vertical joints 
so distant that stone can be taken out in dimensions far in 
excess of any possible demand. No channelers are used, but 
the stone is uniform of texture and can be broken with fairly 
even fracture along the lines desired. The color is slightly 
warmer than obtains in the Anamosa quarries. The rock can 
be easily dressed or sawed when green, and it contains no 


*Keyes: Iowa Geol. Surv., vol. LI. 1894, p. 508 
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injurious constituents, such as quartz or pyrite. At the Rock 
Island arsenal it has been laid in dressed stone, but rock-faced 
ashlar will usually be found the most pleasing cut. The over- 
lying stripping of glacial clays is rather heavy and seriously 
increases the cost of working some of the quarries at present. 
But if railroad facilities were offered, encouraging the 
development of the industry, all this stripping could be 
_ handled at slight expense by hydraulic machinery. The 

localities where the Anamosa stone occurs are without rail- 
ways, and for this reason the quarry industry is but little 
developed. In no quarries has modern machinery been intro- 
duced. The strippings are moved with spade and barrow, and 
the rock is quarried by means of the jump drill, the wedge 
and the crowbar. 

The strength of the stone is more than adequate to any 
strains it is likely to bear. Sample blocks from F.. H. Thiel- 
man’s quarry tested by Prof. A. Marston,* Iowa Agricultural 
college, withstood 1,200 pounds per square inch, proving it a 
stronger stone than such well-known stones as the Berea 
sandstone and the Bedford oolite. 

The heavier, coarser grades of the same type are nowhere 
found near enough to railways to warrant any working of the 
quarries beyond the supply of local needs. Much of this 
stone lies in layers about 2 feet thick, with moderately smooth 
surfaces, and, while highly vesicular, its cavities do not injure 
the stone for purposes of heavy masonry. As adolomite it is 
more resistant to the chemical attacks of the weather than is 
ordinary limestone, and it endures frost, as many stones of 
finer grain cannot do. The quarries of this group are 
described in the preceding pages. 

The Devonian furnishes some very good building stone, the 
most durable being that from the Upper Davenport beds. 
This stone is roughand hard and not easily brought to desired 
shapes and sizes. On the other hand it is exceedingly tough 
and durable, of a beautiful color, and where properly dressed 
~~ *Iowa Geol. Surv., vol. VIII, p. 402. | 
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and set, rock-faced ashlar is most pleasing; it leaves little to 
be desired. Trinity church, Davenport, is an example of the 
architectural capacities of the stone. The geological seetion 
of the Davenport quarries supplying this stone, which is used to 
a considerable extent about the city, has already been given. 
The only quarry reported is that of Mr. H. G. Schmidt, whose 
output was for 1897, some 3,000 perch, quarried chiefly for 
rough and rubbie and road work. 

The Lower Davenport beds, in their lower layers as exposed 
between Davenport and Gilbert, afford a very fair and durable 
building stone. It is of this stone that the cathedral of the 
Protestant Episcopal church was built. Most of these beds 
are of no value for masonry, soon breaking up into thin cal- 
careous plates and chipstone, on exposure to the weather. 
The chief quarries are Louis Gomel’s and Boland Andre’s 
near Camp McClellan, which supply a large amount of excel- 
lent crushed stone for roads and streets. 

The Cedar Valley limestones are for the most part too 
argillaceous to afford building stone of good quality. Several 
layers of the lower beds constitute a fair stone, and large 
quarries are now worked in them near Buffalo, chiefly, how- 
ever, for rough and rubble and road work. The sections of 
the largest of these are given elsewhere. L. E. Dutcher’s 
quarry, about two miles east of Buffalo, worked when visited 
about thirty men, besides teamsters. The rock is easily 
handled. Scarcely any stripping is necessary. The stone is 
blasted out of the ledges, broken up with the sledge, and 
carried on wagons a few rods to the bank of the Mississippi, 
where it is loaded on barges for government use in rip rap and 
on dams. Some also is used for road material in adjacent 
townships. 

At A. C. Walker’s quarry, one-half mile east of Buffalo, the 
same kind of rock is quarried and for the same purposes. 
About thirty-six men and fourteen teams are employed. In 
1897, 25,876 cubic yards were quarried, valued at $13,782. 
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Lime. 


The Le Claire beds of the Gower stage offer an inexhaustible 
supply of a stone unsurpassed in the United States for the 
manufacture of lime, but the industry remains almost wholly 
undeveloped and largely for want of facilities for transporta- 
tion. Thus the lime quarries of Le Clairé are unworked, 
while across the Mississippi lime burned from the same rock 
has made the name of Port Byrona familiar term to architects 
and builders. 

Mr. H. Schmidt has supplied local needs, for a number of 
years, from a very pure lime rock quarried near Dixon. At 
Gilbert, Mr. H. Kuehle & Son burn the Lower Davenport beds, 
whose freedom from clay, quartz and iron insure a lime of 
great purity. As a non-magnesian limestone it produces a 
hot, quick lime admirably adapted for many manufacturing 
purposes. Several paper and straw mills have been supplied 
with it in the three adjacent cities. A new draw kiln is now 
building. In the pot kilns in use in 1897, 5675 worth of lime 
was burned. : 

Clays. 


CARBONIFEROUS. 


The shale clays of the Carboniferous strata of the county 
form a source of wealth which has only begun to be drawn 
‘upon. At two points, Buffalo and Island City, these clays are 
utilized for the manufacture of brick. Both sites are well 
chosen, since the shale at each place is deep, with little 
refuse, and can be worked in open pits. The Island City plant 
is somewhat handicapped for want of railway transportation 
for its product. Both plants have the great advantage of 
wharfage on the Mississippi. 

The Davenport Brick and Paving company operates an 
extensive plant at Buffalo, consisting of eight down draft 
kilns, capacity 440,000; an auger brick machine for end or side 
cut paving brick, capacity 35,000 per day; large drying sheds; 
an iron clad steam drier, capacity 25,000 per day; an 80 H. P. 
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Fia. 51. Plant cf Davenport Brick and Paving Company, Buitfalo. 


engine; an Hagle clay crusher and the usual pit machinery. 
Fire brick for the kilns are made from the lower 26 feet of the 
pit. Sidewalk brick are burned chiefly from the glacial clays. 
For pavers the shale is used mingled with a certain amount 
of the loess. Fuel is obtained at the coal mines at James- 
town three miles distant. The excellent quality of the pavers 
is shown by the following tests made by E. P. Boynton, C. E., 
Cedar Rapids:* 


Paving brick, common. Abrasion and impact, per 


Cent OFMOSS SAVERAE OC a.e atomic seiettociae later eee 14.85 
Porosity, absorption, per cent of gain............... 93 
Transverse strength, modulus of rupture, average.. 2,056.00 
Comparative rating by formula.................000- 61.88 


Draintile and sewer pipe are manufactured to a limited 
extent. The output for 1897 is reported as follows: 


Wommonybuil din gabpickina semen eter eee 10,000 
PSVANGHOLICK cp tes aie eer cee Ya a ert s 2,153,000 
Dvaintikeeasivencale ae oete sisioee tre oes Soe ER DS 3,000 


The large plant of the Le Claire Brick and Tile company is 


situated three miles below the town, on the banks of the Mis- 
*Ilowa G.ol. Sarv, vol. VII, p. 379. ; 
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sissippi. It consists of a Chambers stiff-mud machine, capac- 
ity 50,000 per day; a Brewer tile machine, capacity 15,000 per 
day; a Chicago steam drier, double tunnel, capacity 50,000 
brick per day; two round down draft kilns, capacity 70,000; 
and a sixteen furnace, Eudaly patent, down draft kiln, capac- 
ity 250,000. Common building brick and drain and sidewalk 
tile are manufactured. The pit is conveniently situated just 
back of the works, and its whole face is used. Fire brick are 
made for the kilns from the fire clay found on the ground. 
The building brick are of excellent quality, hard, tough, 
ringing and of even texture. Like the stone and lime quar- 
ries at Le Claire, the industry is seriously handicapped for 
want of a railroad. The brick sell chiefly to the cities along 
the Mississippi river, in Scott and adjacent counties. 


Fia. 52, Plant of Le Olaire Brick and Tile company, Island City. 


LOKSS. 


The loess supplies a good and abundant brick clay, easily 
manipulated and distributed well over the entire county. It 
is naturally manufactured most largely at Davenport, where 
there are four large yards in and adjacent to the city. The 
clay banks of the different plants are geologically identical, 
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consisting of the three phases of the loess; the stiff joint clay 
of the weathered loess above the middle buff, and the lower 
and more sandy ashen loess. The whole face of the banks is 
worked, but the whole thickness of the ashen loess is not 
always used, since it gives too large a proportion of sand. 
Hither on account of some hidden quality in the Davenport 
loess, or on account of skill in its manipulation, the brick from 
these yards are distinctly better than the average of loess brick. 
At all the yards brick for outside walls are moulded with a 
fine ocherous sand, found beneath the loess near Black Hawk. 
The iron, in which the sand is rich, oxidizes in the kiln and 
gives the surfaces of the brick a pleasing deep cherry-red 
color. Theaverage weight of the brick is about 4,300 pounds 
per M. 

The Black Hawk Brick company’s plant is situated west of 
the city and consists of a new Anderson soft mud machine, 
capacity 25,000 per hour; three kilns, capacity 600,000, and ten 
drying sheds, capacity 250,000. All sand used is dug in the 
yard; coal is used for burning and wood for drying off. The 
sales amount to about 2,000,000 a year. 

H. P. Pohlman & Bros. operate three kilns with a capacity 
of 480,000, an Anderson Chief soft-mud machine, capacity 
2,500 per hour, and adequate drying sheds. The output from 
this yard in 1897 was 900,000. The Otter & Pohlman brick 
yard has substantially the same plant and output, and the 
yard of Mr. J. Ruch, similarly equipped, produced in 1897 a 
somewhat smaller quantity. The three yards last mentioned 
are situated on the bluffs in the northwestern part of the city. 

The only plant that remains to be mentioned is one recently 
built for the manufacture of pressed brick at Long Grove. 
This place was selected for the reason that it is the first sta- 
tion coming north from Davenport on the Chicago, Milwaukee 
& St. Paul railway where the sub-loessial sands appear, being 
near the [owan margin. Both sand and clay are taken from 
the same pit in the yards, conveniently situated adjoining the 
railway tracks. The plant consists of a U. S. dry press, 


ROAD MATERIAL. 503 


eapacity 20,000 per day, an Alsip up and down draft kiln, 
capacity 106,000, and the necessary engines, sheds, ete. At 
the time of inspection the first kiln of bricks was not through 
burning. 

Road Material. 


The supervisors have recently shown an exemplary enter- 
prise in the making of good roads throughout the county. In 
the Kansan upland steep grades are being reduced by cuts 
and fills, and in every township road metal is being laid down 
where roads are difficult in wet weather. Most of the mate- 
rial is brought from a pahoid kame of the Buchanan gravels 
south of De Witt. Some is taken from the Devonian quarries 
of the Cedar Valley stage near Buffalo, and a better quality 
from the quarries of the Wapsipinicon stage at Davenport. 
The still harder Le Claire stone will no doubt be utilized in 
the future, and the Carboniferous shales and other clays offer 
inexhaustible mines of clay ballast wherever it is deemed 
expedient to burn it for this purpose. 


Soils. 


The soils of the county are of several distinct kinds. Those 
developed upon the Iowan drift are very limited in extent, 
since the Iowan area is small and much of it covered with 
aqueous deposits. The soils developed on the loess, wherever 
the land is level or gently undulating, are exceedingly fertile, 
and from them the larger part of the enormous agricultural 
wealth of the county has been drawn. But where the hill- 
sides are steep, as on the Kansan upland, humus is rapidly 
removed, and the soil soon depleted of its nitrogenous con- 
stituents. Such hillsides, with their deep, porous loess man- 
tle, are admirably adapted for forest culture, for orchards 
and vineyards, and are largely used for fruit raising about 
Davenport. Thesoils of the sandy hills of the Iowan frontier 
are light and poor, while those on the silts of the broad bot- 
tom lands of the Wapsipinicon and Mississippi are among the 
most fertile in the county. 
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From almost any point of view in the county the wind 
engine is a conspicuous figure in the landscape, and its 
presence not only attests the prosperity of the farming com- 
munity, but it suggests the significant fact that the ground 
water of the region has lowered since the settlement of the 
county. The earlier shallow,wells are mostly dried up, and 
of recent years the well driller has been busy mining for that 
most valuable of minerals—water. The shallow veins just 
beneath the loess still occasionally afford a domestic supply. 
Water is found near the surface on the alluvial bottoms and 
sandy terraces. On the Wapsipinicon flood plain drive wells 
are commonly used, but generally the driller has been com- 
pelled to go for permanent and adequate supply through the 
heavy mantle of drift to the country rock. Here a well-defined 
water horizon is often found insand and gravel, but not infre- 
quently the rock itself must be penetrated unti] a vein is found 
in thestrata. In the districts where the coal measures form the 
country rock, the water problem becomes particulariy 
serious, since these shales and sandstones are either wholly 
dry or contain a little water of undesirable quality. The 
driller is compelled, therefore, to go through these shales to 
the limestone beneath, and wells sometimes more than 300 
feet in depth are necessary. 

The sands and silts interbedded with tills in the buried 
channel of Cleona river, contain water in large quantities. So 
fine are these sediments that they pass through the driller’s 
sieves, and it is only with great care and skill that he can 
sink his well to coarser sand and gravels, often 250 or 300 feet 
beneath the surface. 

Coming from considerable distance below the surface, and 
protected by heavy sheets cf dense glacial clays, the water 
supply of the county at large may be assumed to be free from 
any bacterial contamination. The few small towns on alluvial 
bottoms should exercise constant care to prevent the pollu- 
tion of their shallow wells and the ravages of disease which 
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inevitably ensue. Wells in rocks are usually safe wells in this 
region, but it must be pointed out that where the strata dip 
more or less steeply, their bedded planes furnish open water- 
ways from the surface downward, and ready access of super- 
ficial contaminations of any kind to the deeper veins. If we 
mention the town of Le Claire as occupying such a site it is 
not from any evidence or ground of suspicion of any impair- 
ment of the purity of its present water supply, but only 
because the high dip of the strata on which the town is built 
makes such an impairment possible at any time. An artesian 
well would insure an abundance of pure and wholesome 
water, and could be drilled at small expense. 


ARTESIAN WELLS.* 


Few local artesian basins of the United States have been so 
thoroughly studied as has the district of Davenport, Moline 
and Rock Island, by Prof. J. A. Udden, of the latter town. 
Before Professor Udden’s paper appeared in the seventeenth 
annual report of the United States Geological Survey, he very 
generously placed in our hands the notes upon which his 
manuscript was based. We are also indebted to the owners 
of several wells for information, and to Mr. A.S. Tiffany, who 
loaned his set of drillings from the Kimball house and the 
city park wells. ; 

In number of artesian wells Davenport slightly outranks 
any other town in the state. The exploitation of the field is 
comparatively recent. Nine of the fourteen wells were drilled 
during the present decade. This extension of the use of artesian 
water has taken place in the face of the fact that the city 
water supply, drawn from the Mississippi river, passes 
through one of the largest mechanical or rapid filtering 
plants in the United States. The preference for artesian 
water on the part of large consumers is probably due in part, 


*Norton: Iowa Geol. Surv., vol. VI, p. 272, et seq. 
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in the majority of instances, to its relative cheapness. In 
one instance a well was put down simply ‘‘ to bring the water 
company to terms.” 

TABLE OF ARTESIAN WELLS AT DAVENPORT. 


| [2 [Sel &). &)- 2 )3,.] ga |g 
| . |gsl8¢} a4] 24] agi ee] 44 | £| Seis 
OWNER. < |25/85! asl Bu) gel Be Kon Dall) Sees Ss 
2 |BS|55| BS] 2S] msl 28] 38 a wees 
| a SEOs! ma O's 1 Oo SS i) ea | HK 
1 IE EPO: Wes CIRO waa = HA 1A 
-| — ee ee ee — — | -—————- me ee | 
Witts’ Bottling Works ........... | FRO Pass Sot Goll Catt. G00) | Sau] saasaenetesericinces 1891 |... 
Woolen Nils (3 6.23.05. %- «200005 -| 1053 | 344] 564; 651).... |.....- ..e- [479 ft.; -136]..... 1890 | 2 
ft.;n.bo’m 
Orystal Ice Oo ...23.......-. cae ces 1067 | 6-4) 590 605) 602) 250 240/-10 ft. and|60° F} 1893 | 2 
; 5 §627| 602] ) St. Peter. 
Malt and Grain Co -....<1.-..<..%.. 1076 5| 592 1 631] 607] ovr feeee yes a Sted 1892 | 2 
Kimball House ...:......... se Baek 1100$| 8-4) 579) 637) 599)...... see -ESE Tan G lesa. aswsocte 2 
° St. Peter | 
Tri-City Packing & Provision Co.| 1100 | 8-5) 564 610] 610) 250 250 pox tobot-l... .| 1893 | 1 
om | 
Gas company, two wells ......... 1200 | 5-4} 564; 612) 612}..... Sajayael eaicera’oavare aie | eres 1891 | 2 
Schmidt building ................ 1200 | . 4| 676) { Gopi 727: at ee eae en) |, oe 1392 | 2 
Olbyap ark ssc st tcp densnomceen at 1797 |....| 704) 682) 670/4125 |..... Rae OR 30. | Ss eT Goes 
‘Glucose Manufacturing Oo...... | See 5) 562]..... = Seek a es SP ae re 60°F} 1880? 
Glucose Manufacturing Co...... $3105 | sl sez|.....| e4al .... [doo bo... ee. 60° F} 1889 . 
12107 | | | { arol | 1892 


*In gallons per minute. +1, J, P. Miller & Oo.; 2, A. K. Walien. {By pumping. $Approxi- 
m itely. 


The first flow of the wells of this district rises from about 
479 feet A. T., near the base of the Devonian. This may 
represent the natural springs which rise from the Independ- 
ence shale in other counties, and indeed the shale near this 
level of the Kimball house record, preserved by the Daven- 
port Academy of Science, may be the Independence rather 
than a cavern filling as held by Udden. The water is corro- 
sive in quality and insignificant in quantity. A second flow 
is obtained in the Galena limestone, at depths from —108 A. T. 
to -242 A. T. This is the so-called ‘‘ upper water,’’ and is 
impregnated with sulphureted hydrogen. To enjoy the char- 
acteristic taste and odor of the gas, the water must be taken 
immediately from the well. Aeration and relief from pres- 
sure permit an escape of the gas so rapid and so complete 
that chemists rarely find traces of its presence in samples 
sent to their laboratories for analysis. The water is usually 
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separated by tubing from the lower flows. The yield is gen- 
erous, amounting in the Witts’ well to 300 gallons a minute, 
and at Carbon Cliff, Ill, to 400 gallons. At Davenport the 
head is reported somewhat lower (less than ten feet) than 
that of the water from the Saint Peter. At Carbon Cliff the 
reported pressure equals a head of 684 feet A. T. 

The third water horizon lies in the Saint Peter sandstone, 
whose depth is variously reported in different wells at from 
-376 feet A. T. for the summit to -577 feet A. T. for the base. 
This flow has furnished so far most of the discharge of the 
Davenport basin. Other flows unspecified in the extant 
records, occur in the Oneota and the sandstones of the Saint 
Croix, and under greater pressure and with heavier discharge 
if we may judge from the wells at the city park and the 
glucose factory. 


ANALYSES. 


The following analyses indicate the qualities of the waters 
from their different horizons, excepting that from near the 
base of the Devonian. The first of the Witts’ well is from 
the Galena. The second, of the Crystal Ice Co.’s, is from 
the Saint Peter only, all upper waters being shut off by 
tubing 1,067 feet in depth. The analyses from the glucose 
factory well probably. represent admixtures with the deeper 
waters below the Saint Peter. 


WITTS’ BOTTLING WORKS. 


GRAINS PER PARTS PER 
U. S. GALLON. MILLION. 


CaleinmicarbDouate. cae. ce tsaaem cet sees 2.1480. 36.80 
Magnesium carbonate ................. 1,6034 27.47 
MPONCCANDONATO MS = ocieic oss Sere elosia sale corse .4488 7.69 
SOMME CArDONALC gw... oe vie Hels siete = oes 16.4457 281.75 
SOGMIMESULPR AOL: cumin eatin lave osrsiers cere 23.4069 401.01 
Sodiumichloride@ wicca nateree slorietsia ens oveeis 26.1753 448.40 
Side aasenem teres rr croie ieee marie ayeiare au ave AST, = 7.50 

FT Gal rave spot ste core ise ars, aero rater chore 70.6658 1212.50 


Analyst, E. T. Burghausen, chemical works, Cincinnati. Authority, J. A. 
Udden. 
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CRYSTAL ICE AND COLD STORAGE CO. 


GRAINS PER PARTS PER 
U. S. GALLON. MILLION. 


SHiieeM(SMMO) nceancsonduscopacugpensscoac 497 8.571 

j (Genes fo od ay Orolo tico ‘ ‘ 
Pare Ue ine ta, Ot eee f 1828148 
jbinnaen (OHO G raone sogneqamon sscenouS ODS 1 624 28.000 
Magnesia (Mg O).. ....seeeseeeeeeeeeeee 580 9.143 
Potash, Ol een a0 ane FOG ee ene, See 
SalW(ON KO) bheect cabo Aaocaoedno Gaddoasc 31.834 548.857 
@ilorine:(Ol)xas ence ee sierte 15.859 273.429 
Sulphur trioxide (S Og)........++.-+..+5 13 282 229.000 
@arboniGioxtden( COs ine sce neelelets stein as 9.139 157.571 
Water in combination (H, O)............ .829 14 286 
Dye (COE edad uncedans d cueonnooaoodomeT [1.110] [19.143] 


UNITED AS FOLLOWS. 


GRAINS PER PARTS PER 
U.S. GALLON. MILLION. 


Calcium bicarbonate (Cé H, (CO 3) 2).... 4.690 80,857 
Magnesium bicarbonate (Mg H, (CO) ,) 1.922 33.143) 
Ferrous bicarbonate (Fe H, (COs) 2).... 406 7.000 
Sodium carbonate (Na CO,)............. 12.667 218.571 
Sodium sulphate (Na, SO,)............. 23.705 408.714 
Potassiime chloride; ts Ol) er acters = oars cn seteke tet nnn claret 
Sodiumechlovide (Na Cli rence. ecaeier 26.266 462.857 
PNM vyarn dined WAN, ON arGeyidicn loco suey GoDboe S Trace. Trace. 
Silicay(SiOs) eee a esee citar ctacre cine 497 8.571 
Oxygen replaced by chlorine (Q)........ 3613 62.287 
DOLUCSS rs iter Bore neta tos 73.776 1272 000 


Analyst, Dr. J. B. Weems, May 27, 1896. 


The waters of the Wagner brewery well at Rock Island, I[1l., 
the paper mill well at Moline, 1,628 feet deep, and of the East 
Moline well, 1,340 feet deep, are similar in chemical composi- 
tion to those of the Witts’ well and the Crystal Ice Co.’s. If 
the ‘‘upper water’ is not mixed with the lower in all these 
wells (excepting, of course, Witts’), this marked similarity, 
closely approaching in some instances practical identity, 
strongly suggests that the upper water from the crevices of 
the Galena really rises from the horizon of the Saint Peter 
or even from stili lower veins, and this assumption is rein- 
forced by the volume and head of the Galena water. On the 
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other hand, the presence of sulphureted hydrogen in the 
upper water supports the assumption that it is native to the 
Galena. 


GLUCOSE FACTORY (WELL UNKNOWN). 


, GRAINS IN 
COMPOUNDS. U. S. GALLON. 

Calciumabicarbonate-wy cries seer eee cata 5 132 
Maonesiumepicarbonatessca.er mercer csrlicn men ee Act SH) 
Catcinmysul phatemencccer on soci sweetie Mama 5.540 
Sodiumisulphatern cde wices acc eee scene E 16.096 
SOdMUMChOrid esas asat cae ene ort nee es 28.080 
PAS MUNID TINE, werernicie ore Sie oie eae ee ean erie eee ester tee mite 0.361 
Silicarandsunsoluble residucaencsccseeic cts ene 0.216 

DO tall ewrctnresrcse ne cae tas teen SMe alae ana tors 60.195 


Analyst, Chemist of Co. (?). Authority, D. W. Mead, Hydrogeology of Illinois, 
Table X. 


f 


GLUCOSE FACTORY (WELL UNKNOWN). 


PARTS PER 

COMPOUNDS. MILLION. 
Caleinmmiicar Donate ue mie/a-t cere dius ef siecistexeiete eucrscciaee ee eosie nis 202.0 
Ma onesie Car bOnaitCarae sides ir icterse ert ohicia octane ete otelera 110.0 
Sodiumarcarhonabemamsancieiic ccuvstcrik stoi kare etevens)s 7.0 
Sodus ull phates Asics eine eos oak hos hel hava 364.0 
Cave lRb Eon DKe) all Korat eye eerunioi” cea ee eee REI i ee TK ne 833.0 
TS OM Le eeeteyeaer sya ate etme ors oe celete cavalo corstassars cache: craterecetoversus eave 226.0 
TU OC aI eesy spew areterer svc heuststs ar see rans. esau ios (agra eye apie sre arahalevonsene 1,742.0 


Analyst, E. Guteman, Davenport. Authority, J. A. Udden. 
PERMANENCE OF THE PRESENT SUPPLY. 


The original head of the earlier wells, from 1,000 to 1,200 
feet deep, is exemplified in that of the Kimball House and of 
the Woolen Mills wells—a head of from 637 to 651 feet A. T. 
The wells drilled in 1891 and 1892 show no original head 
higher than 631 feet, and in two wells the head was only 600 
and 612 feet A. T. From 1893 to 1895 the water rose in new 
wells of this depth to from 606 to 615 feet A. T. In old wells 
it is impossible to state how much of the loss of pressure is 
due to leakage from various causes. The well at the woolen 
mill, for example, lost 62 feet of head in the first three years 
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after it was drilled. About 300 feet of casing was then taken 
out, much corroded and in places perforated. When new 
tubing to that depth was adjusted, the water rose to a tank 
10 feet higher than the head before repairs were made. How 
much higher it would rise was not tested. That any over- 
draft is local, is shown by the fact that in 1894 the village 
well at Milan, three miles south of Rock Island, headed at 635 
feet A. T. In Davenport, at least the deeper wells, from 
1,800 to 2,100 feet deep, maintain nearly their original pres- 
sures. 

In summation, we may say that the supply available to 
wells less than 1,200 feet deep is being overdrawn. All wells 
should be kept in thorough repair. Any considerable increase 
in the number of the wells in the district will probably make 
pumping necessary in all the wells of this depth. But the 
larger reservoirs below the Saint Peter show little or no signs 
of exhaustion, and the limit of their supply may be far from 
being reached. 


GEOLOGICAL SECTION. 


The first attempt to interpret the relations of the deeper 
strata at Davenport was made by Mr. A.S. Tiffany.* This 
was based upon samples obtained by him from the well at the 
city park. As an illustration of the pains sometimes needful 
to secure these valuable data, it may be said that the trips 
which Mr. Tiffany made to the well involved some 300 miles 
of travel. Abridged and slightly rearranged, and the eleva- 
tions A. T. being added, Mr. Tiffany’s section is as follows: 


ELEVATION 

FORMATION. THICKNESS. DEPTH. A. T. 
IPI, geespas le wpetes oi see tis aievsiave tometer shale 100 100 §04 
Coal@Measuresi a2 seers creams 30 130 574 
Cornilerous et sinisetverncn es telat 390 520 184 
Lower Helderberg (Le Claire)....... 80 600 104 
INIA SAA. crits tstts hare Outi aeere Seco 175 10853 -71 
Cincinnati and Trenton............. 300 1,075 -371 
Saint Peter, Calciferous............. 100 PLT 471 
Other groups, Calciferous........... 622 1,797 -1,093 


*American Geologist, vol. III, pp. 117-118. 


KIMBALL HOUSE SECTION. el 


The samples from this well and from that at the Kimball 
house were kindly placed by Mr. Tiffany at the service of the 
writer and have been described by him in detail.* It was 
found impracticable to reconcile the records of the two wells, 
and a large part of each section was left undetermined as to 
the age of the strata. For example, the horizon of the 
Maquoketa shale, although 242 feet thick at the Kimball house 
well, was represented in the samples of the Park well only 
by several samples of non-argillaceous dolomite. The presence 
of interbedded layers of dolomite in the Maquoketa is not 
strange, but the absence of any shale, or record of shale, is 
singular. The following was the author’s section based upon 
these data: 


ELEVA- 
FORMATION. THICKNESS. TION A. T. 
Pleistocenevor recent... .. ses ses eee seme 13 566 
ID YSN OLAV ON f crates nie wn Hic icrs echt 115 451 
Wp perrSulumila ie muta serdesl-tere miler rer: 320 131 
Ma anole bares eres oravirs ceebocncaciaien sca citie 242 -111 
Galena-Erentonisnc. sae cose > oss cee me ss 425 —536 
Saint Petersandstones was sca. oe cia -wionie eos 90 —626 


Thus the great body of the strata referred by Tiffany to the 
Corniferous was placed with the Niagara, the base of the 
Devonian being lifted 267 feet. 

Since the publication of the author’s paper, Prof. J. A. 
Udden, of Rock Island, has collected and most skillfully col- 
lated a large amount of data from the three adjoining cities, 
including some well records and series of drillings from the 
Illinois towns that are specially complete and reliable. The 
general geological section which he has constructed from 
these must be a close approximation to the fact. 
~~ *Lowa Geol. Surv., vol. 1II, pp. 200-202. 
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ELEVA- 
FORMATION. THICKNESS. TION A. T. 
PAR Devonianrts caries accor terre arerataneret teats 55 500 
NSE. INE eyes oe ab anon doaoconogECuCocc 340 160 
12 Maquoke bay sats nforstereieleicrs'oiayelstohslotelnytetetetelon= 223 -63 
VS EG a lenarecrucsacas setkecoeiercknere me aaetarnerseaere 244 -307 
TOE Prentomencwencre cela cele ise etra 100 —407 
Qi Sales, o. epaccrsicision, plete sets statualasewsharstesecateras 41 —448 
SiS Sandstone. cr tiece.acetsrecciers cersaiaicie ate stexenonerers 76 524 
Wie CIOs. asuauemnciore Ger soraua Se each eaaister eeeeslrerar 66 -590 
Om HOW ePeInaONOSI aI ect. tetris raters 800 -1,390 
Fy eis RVC eEhENIGY a Sin Sanobanduonmooodon far » 30 -1,427 
4, Arenaceous limestone...............4.. 21 ~—1,452 
eS AM AStONe meter w cake. nero eters Ciackaree romero nclcneraee 145 -1,597 
A ORICA COUS SN ALOE aye srere/slele ets a eieinieloraiseealt 75 ~1,672 
lee San G SCONE sara oeierars wale evoee itor esa eo 97 -1,769 


Nos. 1-5 are referred by Professor Udden to the Potsdam and Nos. 7-9 are 
included in the Saint Peter. 5 

After a close examination of all the facts in the case, 
involving the conflicting records of about a dozen wells, we 
find few changes to suggest, and these in points of minor 
detail. We should incline to place the base of the Devonian 
at about 475 A. T., relying upon the recorded samples of the 
Kimball house well, and other data, and would follow these 
same sources of information and the records of the Davenport 
Academy of Science in placing the limits of the Maquoketa at 
131 A. T. and 109 A. T. The records of the Saint Peter are 
singularly conflicting. The reported top of this sandstone 
varies from —376 A. T. to -485 A. T., and its base from -456 A. 
T. to -577 A. T. It will be noted that while we limit the 
Saint Peter to the sandstone, Professor Udden joins with it 
the shales immediately below and above, which we have 
allotted to the Trenton and to the Upper Oneota. Below the 
Saint Peter the section rests upon the records of three wells. 


GLUCOSE FACTORY, DAVENPORT, 562 A. T. 


STRATA. THICKNESS. DEPTH. A. T. 
Surfacevmatenial sess eee 52 52 510 
Limestone, bluish, .i.cned.ssea : 410 152 
SH@le eeu ae toe ee Co ere 635 - 73 


Icimestone se rae oo eee eee 70 -408 


DAVENPORT SECTION. Sie 


STRATA. THICKNESS. DEPTH. AT. 
NA len ae eer crta science es eee 30 1,000 —438 
Sandstone, Saint Peter......... 42 1,042 —480 
Limestone, sandy.............. 530 1,572 -1,010 
INOmC COP ics ortiiot ete tete ataoiaies> 258 1,830 -1,268 
Shale wc anerreeie ve wpe eye acre 40 1,870 -1,308 
Limestone, Sandys cfcacm aera seen 20 1,890 -1,328 
Sand yerockwersaecues eee cee 160 2,050 -1,488 
SHAE Ws syee ss oslo ene gaciele we 50 2,100 -1,538 


MOLINE PAPER CO., 564 A. T. 


STRATA. THICKNESS. DEPTH. A.-T, 
Sandstone (Saint Peter)........ 65 1,141 -517 
Red marl and limestone........ 316 1,457 -893 
San Gstomenia wes. ciss a sioue creiehe ores 121 1,578 -1,014 
Meimeston Orr. aren cetera eine oie 50 1,628 -1,064 


MITCHELL & LYNDE’S BUILDING, ROCK ISLAND, 558 A. T. 


STRATA. THICKNESS. DEPTH. Nea 
Sandstone, Saint Peter ...:.... 145 1,104 -546 
MelMestonGe tera: on haces 811 1,915 -1,357 
Sandstone, compact............ 30 1,945 -1,387 
BATES HOM Cres ees te ste ca lctmetee ue are et 85 1,980 -1,422 
SaTGSCON eis nee el contre nucionees 130 2,110 -1,552 
Shaly limestone and shale..... 75 2,185 - -1,627 
Sandstone a sesioceineese sa 97 2,282 -1,724 


According to these records, the base of the Lower Magne- 
sian cannot well be below -1,357 feet A. T., and may more 
probably be placed not below -1,268 feet A. T. with the glu- 
cose factory record, which is more exact in other details than 
that of the Mitchell & Lynde’s boring. Nor will these 
records allow us to extend the section below -1,724 A. T. In 
the absence of frequent samples showing the true nature of 
the different strata from the base of the Saint Peter to —1,268 
A. T., in view of the character of the strata of Magnesian 
series, which often causes even a geologist to hesitate as to 
whether to call them limestones, sandstones or shales, and in 
view of the 121 feet of sandstone included in the record of 
the Moline Paper Co., it seems preferable to leave indeter- 
minate the base of the Oneota, or Lower Magnesian, and to 
place the base of the entire Magnesian series, including the 
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Saint Lawrence, at 1,328, the base of the last limestone in 
the glucose factory record. The sandstone and shales below 
this will fall in with the Basal sandstone of the Saint Croix. 

At White Sulphur Springs, a beautiful park overlooking the 
broad Mississippi (Buffalo Tp., Sec. 24, Nw. +), there still flows 
one of the pioneer artesians of the state. It was drilled over 
thirty years ago and its depth is 800 feet. The hotel, which 
was once one of the chief health resorts of the state, was 
burned in 1893, and has not been rebuilt. The water is 
strongly sulphurated and it retains all the qualities which have 
made it sought after for medicinal purposes. 
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APPENDIX. 


The record of wells mentioned on page 493 follows. As has 
already been stated, these records are not absolutely accu- 
rate, but are offered as the best at hand and for the purpose 
of preserving them for future use. 
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RECORD OF WELLS IN SCOTT COUNTY. 


len 3 
Ss | $s] s/s Ey ol 
OWNER. tsi tall lp iS 7s | o/2 
All tars Fs | O| S} Ss] a] ~. Wp 
A) o o 4) Pls) che] gs) Bre 
gfe] 2 js3| 4} 3! 4] Z/ €] Sig 
S| 2 | € [Bo] S| Bl Se] Si sie 
oye B |DH| O| o] oO} 5} oO} Of8 
2 eC} 1A |Elalal od] el aie 
Liberty Township — 
Riefe .... 2} SE | SE (i) Se lloar : 
Z. Parker..... 7] NE | NW)....| 98]...|118 2| Yellow clay 18, blue clay 75. 
7| SE 60} 30} 90 : 
8| NB SOO eee 1/Yellow clay 385, yellow sand, 
blue and yellow clay to bot- 
tom. 
APTI [Be eel eect CUO tate) 1B RM alles ol a 
8} St | SE |..../143]...|148 2| Yellow clay 40, sand, remainder 


blue clay. 


a 


12} SE | SB |....| 23] 50) 73/680] "| 1657] 1/Nearly all fine blue, silty quick- 


sand, 
Yellow clay 25, black muck 35. 
1 ; 


A. Paustian. ........ 
Townot NewLiberty . 
Townof NewLiberty Yellow clay 16, yellow sand 3, 


blue clay 89. 


Town of NewLiberty 5 


IAN WSO tices. cstceaiesise Yellow clay 16, quicksand 10, 
biue clay 74. aff 
W.-M. Lensch........ Yellow clay 20, sand 3, blue 
clay 67. a ay Ce) 
W.M. Lensch........ 20} SE | SW |....] 60} 30 90]...]...]...| 1/Little blue clay. eas 
FSC HMIAG. sere cia hoe 22) SW | SE |....| 50) 65115]...]...]...] 1] Yellow elay 25, red clay 25, 


boulders on rock. 


138 
1}Hard, blue clay from 12.to 40, 
stopped in sand. 
60)...| 72]...]...]...]-.)Yellow clay 20, sand 2, blue 
clay 38. 
.. 128] 22 150 860}... |672).. 
120). nealars 
70|.. .|13)Thick, yellow clay throughout. 


. 730 500]...).. 


‘4/All yellow clay. 


Yellow clay 35, blue clay 205, 
sand 2, 
Yellow clay 10, blue clay 116, 
quicksand 150, ends in gravel. 


~ 


nS al ciel eel sacl eee 
waiecsee. (000/468)... 
.|740, 460). . 


Juergen Mumm... .{14) NE’| SW | 280)...]...]...)...]...]...]-- 
M, Hoersch...,...<.... 15) SE | SW | 167/...]... 


es 


Yellow clay 10, blue clay 268, 
sand and gravel 2. 


: Yellow clay 15, blue clay, stony, 


Johann Mumm, AID Sees cee ASS Pyle se-ll abet tat os -| 41 171, gravel 2. 

P. Paulsor.. TENS || SNE [doce |bDSleee|Leziee cline | 3 

P. Paulson.. GING eS Vi ol ere cf le ret dO 1 eestor 3 

A. Goett-ch... 19] NW | NE | 331]...].. .|831/780,399]...| 3 

Lena Mumm......... 21] NE | NE | 278]...]...]... 740 462)...| 4)Yellow clay 12, blue clay 236, 


| | sand and gravel 30. 
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RECORD OF WELLS IN SCOTT COUNT Y—OontTINUED. 


ro) a 
a : 
ail s 
S 21 2] 3 is 8 
Oeil La orice [Dash Sls 
OWNER. Firs Ql A] | SIZ 
| Bee SSS eee. Sz 
gl o ® a <| 8] al8 
oO} + ~~ |49/) S|] ate ro) 
= & & 1-8} ¥!] S] Bl oO] =] & 4 
216s |e len eetsl sl sl ste 
2} o!1e lA |alalsl dolal ale : 
Rperscce 22} NW | SE | 306}. 760,454|-..].. 
Tae Ra ee roc Bal NCL INE, |146). osbcslcc- tee Mee alee 4|Yellow clay 15, blue clay 129, 
: “ saod and gravel 2, 

EES W OSS eon. cane: ABI INOW |e Boot ak es lateral eemeat lee eer eet tral pate 5/Yellow clay 20, sand 10, blue 
clay 100, gravel 3. 

JeAVOIMOR:, sees csieracler 30] SW | SW Beltaese teres apuosll eaeeell cvatal latex iets 

Welthelms) }2icnnsec. Bi SWit'| ef ne rece 564 Cape NG | Me Baahae 

Dia OSPOWernacaceaans 241 NW |....-.. 144)...]... acai | Meera crea ...| 5/ Yellow clay 7, red sand 7, sand 
21, gravel 25. 

DURA oe See Pal Wotan teers seeslese[eee]ees/..o/...]..-] 3) Yellow clay 25, sand 5, blue 
clay 109. 

Near Durant, on cr’k|...| .... |.....- seesfees|eeste.e]...}...]..-] 9/To rock, 100-150 feet. 

Allen Grove Township— Es 

B Snyaderieoscesdss. 71 NW| NW)... Old obeal tiated 

G2Rohwer en eee Lei Mee anal aoa 137/...]...]...|...].. |.../138/Bnds in 25 feet of sand. 

THE Vg Pee he nS 29] NW | SW |... | 99)...[111)...)...]...] 1] Yeuuow clay 20 feet, blue clay 

Rice a 2 stony 10, hard pan 9, 

E. Gallegher......... 0} NW yl [Beves 2S) eer nsitssal noelloreat ian 

M. me AS OC ee 2OUSSED le NVWil t TDias ance UPD ele oor | all Weel ancy, clay 20, blue clay 50, 
hard pan dry 5, no water. 

FE. Richardson....... QUES Bane Bayes 2/200 ere 10! eeelaae tae ae irel clay 70, sand 30. 

sof ko 5 KT Gg NE Ot! NW icktck. BOO} sa atees| esl eel mel ede 

OPH Wialtontscsnsc.: Pa oy erdl Wecpeeeet 320|...]...].. 1750/430].. .113] Yellow clay, blue sticky clay, 
quicksand, stopped in 50 feet 
of river sand. 

Wm Blythe.......... 25) SE | NW ]..../246 Sevaiflaeeratltcazed (atele,| ale 

OM WOR mie cceoen 26] NE | NE | 300)... -|740,440)...| 7/\Stopped in gravel. 

GM ORG Jick ee cece 271 SE | SE | .../228!...1.../700].. 1472 L 

J. Hasenmiller...... 28] NW | SE | 165}...]...)...]...)...]...|..|Stops in sand. : 

E. O’Neil.............]28] SE | Nis |..../312)...'323:760]...|448'..| Yellow cla 50, 50 feet of sand, 
mostly lue clay, coarse 
gravel, 

UNOBPbOD oa. optemcee 281:SW | SE | 300)...]...|... 720,420]...|.. 

H. Ketelson.......... 30] NE | SE 46) cools alae Foal Bal pecles 

Cc, H. Brockmann.. .|81] SW | NW | 275 «+ -|...].../740 465]...}.. 

MS Schulz. eens see 33} SW | SE |....{118]...].. veefeee ..-|..| Yellow clay 16, quicksand, blue 

“stony clay to 50, sand and 
gravel 2, blue clay 61. 

H. Stahft......... .../33] NE | SW |....1240]...1250 680 .../440 11 Mostly quicksand, 100 feet of 

| sand in one bed, 

Hy Watrodeé....¢. ssc0: é NE |....|212)...]...'720!.../508 .. 

R, ©, Ourtis..c. 22... 184 SE ]....]...]...]...] 80]...]...!.. Struck rock. 

ELS WGi8O scene ee é ES sce fetal ete ete ea | acerca 

Town of Donahue...|36) NE |..... Spo EY baal Ben leche lie coll 

Town of Donahue...|36) NE |..... eee (100) eS HGO Sais all ane Ten Coa blue clay, quick- 
sand 15, 

Chas. Middlemass.. ./24) NW | SW | 300]...|...|.../730!430!...] 7 Mostly fine sand. 

HickoryGrove Township|— 

Ei Rind tiene cen | ISBN Wrltensleybloeslia1 13 

O. Roek./s.... .| 44 NE | SW (PACA oe 

F. Rock.. ws .| 41 SE | NW)]....1150] 6150 13 

P. Burmeister. .| 41 NW] NE |....] 70]...| 74 10 

M. Spelletich.. -| | SE SEF coe Gola tl 2 6 

D. Wunder.... -| 5] SW | SE | 180)...].. atl ee ; 

Joseph Vort. nh Oleaae. PE a ie erates LO see [eres teme el eect eee 8 [a 

Plainview... “| NW | NW | 225)...).--|.../7301475)...] 4 

Plainview.. BL Psc eI VWeal| WeINE WW eoerorel| cae teem {teed |b cll meme ler 

M. Spelletich -| 7 NW | SB / 293)...]...1.../740/447]...1 4 

M. Spelletich S| alee Seal eS A Yel ese) 2-5" Pisce | Eat RE at | 7 

M. Spelletich -| 7 SE | SE |....] 55)...1...1720]...'665| 4 

J. Soutter... -| 8] N@& | SE |..../ 30) 47) 77/...1...[...1 6 

P. Burmeister. =| 9) NW | NW ]..:.| 70] 75 10 

P. Burmeister. :| 9 sw | NE |. 80} 85)... .! 10 

.| 9} SE | SW 50| 53 13! 
-|.9] SE | SE |....| 40! 64 12| 
.|10) NW] SE =| 80| 95). 0.1: 13 
11) SW SE Ohlone] (Sh. . esl aaS 
ee 12! Hanno jooorl Hd Bip ealinnalye tia eee ssi] 
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Yellow clay 40, blue till 150. 


Yellow clay 20, sand 5, blue clay 


From 100 feet down all quick- 
sand and sticky clay. 

Mostly blue clay. 

Yellow clay 17, blue clay hard 


Yellow clay 15, blue clay 15, 
quicksand, ends in gravel. 


Yellow clay 20, sand 5, blue 


Yellow clay 15, quicksand 5, 
blue clay 30, gravel 5. 


Yellow clay 20, sand 6, blue 
clay 58, gravel 2. 

Yellow clay 16, quicksand 10, 
greenish Clay 64. 

Yellow clay 16, sand 5, blue clay 
with bowld-rs, gravel. 

Quicksand 60 feet, on rock. 

jyellow clay 40, blue clay to 


Yellow clay 35, blue, hard clay 
to bottom, did not cave, no 


Soft, white limestone. 


Yellow clay 14, sand 5, blue 
pebbly clay 31. 


Yellow clay 20, sand 5, blue 
clay 50, gravel 5. 


Yellow clay 20,sand 10, blue 
clay 48, white limestone 122. 


2 ; 
: 4 
od m4] hd 4 
ot SiS cal) (EH. Oh 
OWNER. Ag| Fl A 6) al 4] Hl 
|| a | g |i St 3} 8] Sto) S| Se 
s o ov a 3) <j] 9] alk 
Sh eee eel el aie 9) 4/5 
S/ & | s lao! al a] 8] 2] S| ols 
eS 3 |oH| o| cl Oo] 5| o| ois 
2} e?!1e18 |Aalalalolal aie 
FravBurch es ccssente 12; SW SE 190)... .}191)740 .. .|550)12 
Hans) JOe@ns)...- «sles 13} SE | NW 155)...|157|...|...]...|138} Water on rock. 
J. Steenbock.......... 13} SW | SE (208, ...!212/710/.. .|502}13 
Maysville............. ES |S atactorslltersrcte revel teres 11S Faretes| erase cee tieeetel stats in 
MaVSVAIEe ce. se coe. i PAllbe ace al onead Gnas 120]... /180]... 9 
WI ODErS Feteemce cee TEA INET MRSA. Noe odlt se eolaa clean ue 
NS AB Od Gasnennecss AG NW in| SS Wen ll cee tele teil OD ee Tetons 5 13)/Al1l yellow clay. 
ER Kolin trea senate TS) SAM SAW loco llberllescilf le 4fecol lomo] ieee 10|Ends in rock. 
G. Golinghast........ iU/Af OE seer pietel Ol eee WGl eles Sealed 
M. Spelletich......... 18] SW | SH |....|270]...]...|780 510)... 
ified Deu Ke) obs Rema cn ue 191 NW | NW | 223)...]. Beutel ie 1| 5|Ends in gravel. 
DeePaUstlamy cs rnc ee OH SEO ea INERT Led tl arcs ater) | [orev ereee epee reek 5 
105, gravel 7. 
Jem SIC W cay ol Moeammaoadae PIS SO MSA SoanlVAKh Re Glare Api eual soc d 
Mh Kkarbel.gete: tern. 21) SE | NE Soleee peal etotal|ta vere liners se 
IMU GHPLG Siiaaet: anche 22] SW | SW |..../165].../170,720).. ee 13 
Jmblambeck-.e. coer. 231 NE | SB | 280)... . .|720 440 .. .|13 
Wiel Pyiciicen etre caresses 24| NE SE |..../206 208,740... .|534) 9 
Schoolhouse ......... 26| SE | SH 215 250,740]... 525) 9) 60, sand 138. 
| Ends in gravel. 
WA Sindteaekescn. cscs DARIN OI ON DP lh asta ieollan) laealineal lee olla 18 
©, Haller ys. cs:henosce: 29) NE | SE | 116 4 
PY RLESSenlwicn.ce ee OININVGIINDVV it 2G, cree Note vall a retell arcs o\l etsy} fetete ove 
Op Paus tienes css: BOIINE ON |o5- 180) 5.1143 e cs} 2 ol 
clay 105 
Geo. Dietz........ .. 31} SW | SE | 55. aha) 
Schoolhouse.......... 32} NW | NW] 115 -| 5|Ends in gravel. 
JAEVEE NUE OT Gerenace coor 33} NW| NW] 86 al 
Maysville creamery.|15] NW| SE 90|...| 90)740)...)650) 1 
GeO DIGtZte sme sures 31] SW | SE 70 5 
JoPlambeck.- ccc: 36| SE 280)...|240 740 ...|510} 9 
Dis SOULE a ccae) coelae 8| NE SOM ie) GON cevncelia elke 
rock, 
Blue Grass Township — 
Sa Ravallers eaters LW IND WW tote 117 sSologallonsllSesltive 
SR. Millers..: 2: 1] SW | SW | 27% .|'760 485]... |12 
Se RreMilllor vere sete cn 1} SE | NE | 113)... dyetelharave ... {14 Hndsin gravel. 
Seeku NET vestenre tes 21 NE | NW 102)... ceelliqie .|14'Ends in gravel. 
Sh dees WO UU ei eR morte srs 2] SE | sw i17].. Eo SCORN oeGl le 
IW iwACI DD aa avame mae ean 31 SW | SW |..-./100].. |...1760 ...1660}.. 
Gentine ene perce tet BI SW eceres 40) 64/104|...]...)...] 5 
H. F Strohbeen...... 5| SW | SW 47| 43) 90)... 5} 
Winl@Oubieiiera: ccc. Ce ied olan BO erate tered 5 
NAG OS © parece stssasctai cree 7| SW | NE |}. OGIeeraileetelheae Pe sits 
Can ct Navan Me Re a eaels 8| NE | NW 86'...| 89).. alist 
H. Goering..... 10; NW alls Oar OL ecole! 
EEG OSriIN Bik c5.c ce 101 SW | SW Wl QO LAB e ae .../14 
EE MMGyiericcacnsie coi: 12) NW| Nw 285)... .'255 740)... .'504) , 
Eggert Puck......... 12} SE | NE |}... [204]...|/210 740 ‘536/14 
Ase Buh nee cece sce TIN EY INGE 90) aeeliagerelemellieces Peallass 
HY Wiese es scmcecstes 19] NW | SW Wellaballece a 
H. Schlichting....... 23} SE | NE 110)...|120 {14 
Schoolhouse No. 3.. |19) NW]..... 73] 122 200 | 5 
Buffalo Township— 
TG ag WAR An Ae 3) SW || ...-21- 35]... [B16 . .|12; Limestone 160. 
TROD AUTOD cenacecest 8| NW] NW). 50]... .1270 
OA ROW Aten LOW SW lhe ance (heal leas Motil (Gee ee . 
Barn wick ncemcsresicc: 161 SE ' SH PADUA Cee oleallciaatine | 
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RECORD OF WELLS IN SCOTT COUNTY—ConriINvUED. 


= : 
} 
g 2 
Bie 2 
is 5 2) 3g i= $ 
: Set ed aed at es heel ee Ss 
OWNER. Ars al A) A] RIS 
: ; | @ ol al o gin 
ai @ 7 @ |} Solo] alg) ale 
o| + > |Q°! 9] 9] = } S 
cmd oy, K |ea| 2] S| Bo] S| X19 
S| & BS Ao] B& A] 6] ‘A| SB] Ole 
o| 2 B |@A} | oO] O} B] Oj O]5 
n| Co ge IA | Al Al ae] Oo} A] ale 
RRBs tras. is cee 1S) SNUB) Seen ta ROlo. SOLER Nee lle 12|Limestone i61 feet. 
NUTT AY | eee LO INGWillaetcie «all's BO eats OVO nere|| arevell erase 12]No coal, limestone 160. 
Winfield Township— 
Ap eee eee iat es AL ee 11} SW | SW 74) eeret |S Ais lec leap ania ee ..;All sand. 
Cxailitansie see Aes) GY] isl OFM ion x0) ieee al Se Metal Eas 8 8/Sand 20, hard, blue, pebbly clay 
3 120, sand 5, gravel 5. 

School No. 4.......... TIN Wh espe =o (LO secalleetefinaccll/ssore tetersi ia « 

St. Ann’s Church....|14) SE | SW 64] 36/100)... .)...|..- 9/Sand 15, yellow clay 10, blue 
clay, a little sand. 

PY tones. sc. thet as 15] NW | NW)....{190]. eG2 Ole (OOO te 

School No. 3.......... LO TeONGVV ING Wi | 04] sere a | en Ral eal ort 8/Sand 70, blue clay 20, gravel 4. 

N. Schallmeier....... 18) SW] SEH 200) e. feee| ccpillanei| ser 8 

Ne Doenklsulssaee eo LOWS IN Wilevestloolsen(L7ales vlcee lee 2/13 

A, Brownlee.......... 26] NW | SE |..../220)...]...1725].. .|505]. . 

J. Robertson........ 271 NE | NE PO es LSD ease eee 8|Yellow clay 50, hard, blue, 
stony ciay 70, sand and 
gravel thin. 

eGullet ee 39| SE | SE | 115}...1.. Settee TOUS 

Ch Preéstoneeesin . fete. 3l| NE SE’ |... ./180). PE een Weel le 

PMNO@L. so tiememeee & nae 35} SW _ | SW |....|225'.. \780)...|555].. 
Hotel Long Grove...|35) NW ]...... Bs cecal aed eal (Pane 8|Ends in gravel. 
Sheridan Townshtp— 

ONGlap peaweeawcetect 21} SW | NE 122]... .)128]. =e) 

onenselncnie. san cins. 2| SE | SE 114]... |118). 8 

QmMelenys ficcceanena. 4| SW | SE 100|F:tOBI eee | eer 8] Yellow clay 25, old soil 10, blue 

| |clay 65, coal 2, shale 97. 

J. Baustian..... .....| 5) NE | SW 200). . .|237/760}.. .|560/13/Shale 37 feet. 

J.T. Oooper.....: 5} SW | SW 149)... .|145).. .-|12)/ Yellow one blue clay, gravel 
on rock. 

S. Burmeister......., 6} NW | SE 120 eee eee sealer ee 

Bi. RON WeER sch cacce 6) NE | SW TAO) ies | ear ee Ae 

ie Husted ®.cesecae 7] SE | SW LOG) ses | aoteliee 4/2 alee 

Eldridge: i5-s.aeo. ELINSIW “i ceaascieeee 127 135) 7)...|...| 6) Yellow clay less than 20, mostly 
blue clay, ends in limestone. 

Eld. Creamery.......|14| NW | NE 180)... }201/780]... 600) 1 

Chas Erhsam........ 20) NW | NE 72 Vae| THO] sac OOS! se 

J, wae Seaman. sey seen 271 NW | SW 90 resell eres all tesa es 

H, Stoltenberg....... 28! NW] SE 100) Hoole ouiloeel eer el 

W. Hughes............ 33) NW| SE 170}...|480) 222 )22 247) 114 

Claus Lamp......... |19} SW | SW 270). ...|285|740)...'470| 6 Mostly hard, blue clay. 

Davenport Township— 

(Range 3, E.) 

Ohas. Murray........ TVESE WIN Biel cees |LODtaoelwels alee 

We Untledto.c 5.20. 3.< WINE) SW: 1 22018 secs... -|14 Ends in gravel. 

School Noe. 2... ....: AWG Ea Bie ee T22 hoaralawalsiets .| d|/Yellow clay 30, sand 10, blue 

Oapt. Stahr..... .... 7] NW | NW]....{160]...|... -|..| Clay 80, gravel 2. 

JOarlingrense ses .e ts 10) SW | SB j....1115).../140]. neon! 

Gea@onlelinw aes canes PE SW NW: |scettGOl/s {SOG ec awsles 

E. Daugherty........|12) SW |...... 212 ...)...]...(700]/488).. .|14 

ERAOT RY Se captions teen ce 12) NE | SW | 280...|. .» -/680/449}...]..| 

M. Boyle.. 13) NW] SW|]...-| 85]...] 94)...]...].../14 

A JA TINO tere Re o0 20.788 aga cei sede eevee erate Leta 202)... |245 19 

=DraGuibsMaxwell@.|cclace salistica ceil ces 100}... |130 .| 9 

tSchuetzen! Parke os: |c.|Sccccsl sean selteee 160}... .!240 {14 

JRO VOD «scar atesacten 211 SE | SB |. 155)... .|200 .. {14 

Thos. Sindt........... 7] NW] NW |e....{160).../167 (14 

Dav nport Township— 

(Range 4, E ) | 

Di) BU) ae Me ae oO} retells atoll dete 13 

© Van Evera GI eae | eters 14 

R. Schaefer ... bse baal bre 14 

J. Barnholdt a OS ie, aillstere ./14 

H. Wiese.. : OE selesets neue 
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RECORD OF WELLS IN SCOTT COUNT Y—ContTINvUED. 
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*City of Davenport, t, Gaines St. 7 HE. M. Buhrmeister, Eldridg: 
+City of Davenport. 8 H. Meyer, with Tieple BSOe, “Wilton. 
U Prof J. A. Udden, Rock Island. 9 Tieple Bros., Wilton. 
L Mr. Frank Leverett, United States Geo- 10M Burmeister. Donahue. 
logy Survey. 11 J. W Hoover, Wheatland. 
1 M. Crownwick, Dixon. 12 H. Stoltenberg, with J. C. Buck, Daven- 
28 Spitler. Bennett. port. 
3 H. Voss, Durant. 13 C O. Buhrmeister, Davenport. 
4J. P Buhrmeister, Plainview. 14 J. W. Buck, Davenport. 
5 J. Strueben, Walcott. 15 Stone & Olark, Le Olaire. 
6 ©. Cook, Mt. Joy. - 16 M. L. Conrad. 


Records for which no authority is named are given by the owner. 
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REPORT OF THE ARTESIAN WELLS OF THE BELLE 
PLAINE AREA. 


BY H. R. MOSNAT. 


INTRODUCTION. 


About forty miles east of the geographical center of the 
state of Lowa, is an area of about 100 square miles occupying 
a portion of the valley of the Iowa river, and nearly all of the 
valley of Salt creek, a tributary of the river from the north. 
This area is apparently like the adjacent country. Its surface 
is the same—flood plains, valleys and rolling hills, as that of 
the surrounding territory. However, by drilling to a depth 
of 110 to 360 feet within this area, artesian wells to the 
number of about 135 have been struck. Non-flowing artesian 
wells were secured in the high, rolling land to the northeast of 
Belle Plaine, Benton county, Iowa, as early as 1882. Four 
years later astrong flow was struck in the city of Belle Plaine, 
and later in the same year, 1886, the famous ‘‘ Jumbo” was 
allowed to break loose. Thus, for historical reasons, this 
has been called the Belle Plaine artesian area. The explo- 
ration of the basin has not altered the appropriateness of the 
name, as Belle Plaine is approximately in the center of the 
basin. 
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The general trend of the Belle Plaine artesian area is from 
northwest to southeast. The southwestern margin probably 
runs’a short distance north of Gladstone, thence southeast 
through Chelsea. Continuing in the same general direction, 
the line runs to a point three and one-half miles south of 
Belle Plaine, where its course appears to change to almost 
due south, passing through Victor. 

The northeastern margin runs in a southeasterly direction 
a short distance east of Elberon, passing about a mile east of 
Irving, and goesalmost to Luzerne. Before reaching Luzerne 
it changes its course to due south, running to a point about 
three and one-half miles south of Luzerne, where the direction 
changes to due southeast, passing through Marengo. 

In general, the width of the area is about six miles. About 
three and one-half miles southeast of Belle Plaine the width 
diminishes to half of that, and from this point it rapidly 
increases to twelve miles, which width it maintains as far 
south as the area has been explored. The field, as far as 
explored, extends from northwest to southeast, from Vining 
to Ladora, a distance of twenty miles, diagonally crossing the 
present valley of the Iowa river. 

The wells are most numerous in the flood-plain of the Lowa 
river, and particularly in the Salt creek valley and westward 
of it. Inall, there are 124 flowing and 11 non-flowing wells. 
In addition to these there are a few old wells, now filled up. 
The water supplying all of these wells comes from the same 
water-bearing vein or aquifer, making very apparent the rea- 
sonableness of Professor Norton’ definition® of the word ‘‘ ar- 
tesian.’’ The very case there supposed actually occurred to 
the previously flowing wells in the Belle Plaine area, when 
‘““Jumbo”’ broke loose; that is, the other wells ceased flowing 
and became ‘‘deep wells,”’ ‘‘ deep borings,”’ ete. After ‘‘Jum- 
bo”’ was controlled the wells which had stopped flowing began 
to flow again. In the present report the word ‘‘artesian”’ is 
used in the sense defined by Professor Norton: ‘a vertical 


*“ Artesian Wells of Lowa,” Iowa Geological Survey, vol. VI, p. 124-6. 
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well in which water rises near to or above the surface by 
natural hydrostatic pressure, consequent upon certain struc- 
tural conditions.’’ 

The Belle Plaine artesian area is one of the most important 
in glacial drift in Iowa. It contains about one-tenth of the ° 
whole number of artesian wells so far drilled in glacial drift 
in the state. In the accompanying lists on the map, and in 
the diagrams, Arabic numerals are used to designate artesian 
wells belonging to the Belle Plaine area; capital letters are 
used for artesian wells in rock and adjacent to the Belle 
Plaine area; Roman numerals are used for various non-flowing 
and weak-flowing artesian wells in rock and adjacent to the 
Belle Plaine area; small letters are used for various shallow 
artesian wells in drift, in or near the Belle Plaine area. 


HISTORY OF THE BELLE PLAINE ARTESIAN AREA. 


As remarked above, the Belle Plaine artesian area was dis- 
covered about 1882, in the elevated, rolling country two to 
four miles northeast of Belle Plaine. Numbers 1, 2, 3 and 46 
on the map were the first wells drilled. The water in these 
wells rose to within twenty-five or fifty feet of the surface. 
These wells made first class deep wells, and nothing more was 
thought of it. They were wholly in blue clay, and so 
were easily drilled and not expensive. It was noticed that 
the water had a peculiar mineral taste, that it left a red sedi- 
ment and stain and, after a time, it was observed that the 
water rapidly corroded iron pipe. Noone took the trouble to 
have the water analyzed. The supply of water was inex- 
haustible and constant. Live stock liked the water after 
becoming accustomed to the taste. It, therefore, made a 
good water for stock, and was used for that purpose only, 
being pumped usually by windmills. 

Hilton Bros., of Boston, needed an unlimited supply of 
water for their creamery at Belle Plaine. In April, 1886, a 
2-inch well was drilled which proved a pleasant surprise. At 
a depth of 215 feet, after passing through blue clay, water 


526 ARTESIAN WELLS OF THE 


was struck: which rose from the well curb with a pressure of 
more than thirty-five pounds per square inch, or to a height 
of about seventy-seven feet from the surface. This well 
(No. 6) is located at the eastern edge of Belle Plaine. 
Immediately other wells were drilled. The flow secured 
varied with the elevation of the surface, the water in all the 
wells rising to the same head, about 915 feet A. T. This 
figure is fairly accurate. A well was drilled on top of a hill 
in the northern part of Belle Plaine, at an elevation of 918 
feet A. T. This well (No. 4), of course, did not flow, but it 
was a much more reliable indicator of the head than the 
strong flowing wells. The head of water rose to within three 
feet of the surface, showing the head to be, at that time, 915 
feet. 

Shortly after the last mentioned well was completed, the 
most famous of all Iowa artesian wells was drilled. This well, 
for its brief day, attracted a popular notice almost as wide as 
the Charleston earthquake, which occurred about three days 
later, and with which the outburst of water from this well 
was connected by a romancing newspaper reporter.* Profes- 
sor Chamberlin remarks that the only similitude of seismic 
disturbance, as the cause of this well, was in the moral facul- 
ties of said reporter. Renewed geyser activity in Yellowstone 
park, a seismic movement on the opposite hemisphere, the 
Charleston earthquake and this runaway well at Belle Plaine, 
were at once connected as factors in a common disturbance 
of the earth’s crust. A relation between the first three may 
have been possible, but connecting the well with them was as 
ridiculous as many of the theories advanced as to the source 
of the water supply. 

‘The notoriety of ‘Jumbo,’ of Belle Plaine, was strictly 
that of a member of the criminal class, and began with his 
resistance to control, and lasted only until his final imprison- 
ment.’’+ The accounts of the well giver in newspapers were 
" sNote by Professor Calvin in the ‘Report on the Oharleston Earthquake,” U. 8. Geol. Sur- 
vey, Ninth Ann. Rep., p. 443; and Professor Chamberlin’s ‘The Artesian Well at Belle Plaine 


Towa,” Science, vol. VIII, p. 276, Sept. 24, 1886. 4s 
tNorton, ‘‘ Artesian Wells in Iowa,’’ Iowa Geol. Survey, vol. VI, p. 350. 
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in many instances most sensational, their extravagance 
‘increasing according to the square of the distance”’ from 
Belle Plaine. European papers published accounts of the 
water spouting hundreds of feet into the air, with a roar that 
could be heard for miles, and even pictured people being res- 
cued by boats from the third and fourth stories of houses! 

During the summer of 1886 six flowing wells had been 
drilled in drift at Belle Plaine; numbers 4, 5, 6, 7 and 10 on 
the map. The record of the strata of the seventh well, num- 
ber 9, ‘‘Jumbo,’’ as given by Professor Chamberlin, and 
quoted by Call and Norton, is as follows: 


THICKNESS. DEPTH 


Oe OOUswiL tub iiman sent. cemeteries ae or geettertonuers 4 4 
Dy ANG Va ClA Va ce siavesd o creie, crave¥aseho sale, s\91 dtarepsicters)sueny 12 16 
Awe CrAavelua Na cSan native rasyscnsrepatsrec ieee oe cio oveiare 8 24 
Sige ViellOwa layin. vorrrecc circ scree trae mae faster 13 Sa 
2. Blue clay, with layers or pockets of sand 

ANOS RAVE ian cav seater oii sialaeeveravee 172 209 
1. Gravel and sand, water bearing, at........ 209 


As Professor Chamberlin remarks, the record lacks detail, 
and possibly precision. But inaccurate as the record no 
doubt is, it is the most careful that has been kept, and 
satisfactorily shows the geological structure which will 
be considered under that heading. This well is a 
typical well on low ground. The elevation of the curb is 811 
feet A. T. <A local history of the well is entitled: ‘‘ A Com- 
plete History of the Jumbo Artesian Well of Belle Plaine, 
Iowa, Known as the Eighth Wonder of the World,’’ second 
edition, by A. C. Huston. 

Professor Norton’s account of the history of ‘‘Jumbo”’ is 
accurate, and is repeated below with some additional facts. 

‘‘The seventh well, ‘Jumbo,’ was drilled on lower ground 
than.any of the others, and reached the water-bearing stratum 
of sand and gravel at 193 feet.”? (A. T. 811.) 

‘¢The beginning of the trouble lay in the fact that the driller 
attempted to use the force of the flow in reaming out the two- 
inch bore, which he had put down for want of a larger drill, 


528 ARTESIAN WELLS OF THE 


to three inches, the dimension specified in the contract. This 
task the water speedily accomplished in the unindurated clays 
and sands, but not stopping there went on and soon enlarged 
the bore to over three feet in diameter.’’ When the driller 
saw the result of his inexcusable carelessness, which result 
he ought to have foreseen, he hastily decamped and was not 
heard of until the popular excitement had subsided. 

The force of the water was sufficient to throw out two- 
bushel sacks filled with sand. ‘‘Through this three-foot 
shaft the water boiled up in a fountain five feet in height ’’— 
see illustration — ‘‘the press reports giving several hundred 
feet as the height of this fountain, were exaggerated — flood- 
ing streets and lawns, and covering them with sand. It was 
estimated that from 500 to 1,000 carloads of sand were dis- 
charged from the well. The quantity was certainly so great 
that only with the greatest effort could the ditches be kept 
open to carry off the water. Gravel and small pebbles of nor- 
thern drift, representing a great variety of northern rocks, 
were thrown out.”’ 

The writer has a flint bowlder weighing two and one-fourth 
pounds which was thrown out by ‘‘Jumbo.’? There may have 
been others even larger. It is not necessary to suppose that 
these larger stones came from the bottom of the well, as 
bowlders are occasionally encountered in drilling through the 
till sheets. Pieces of fossil wood, some of them two or three 
feet long and four or five inches thick, were thrown out. 
These, no doubt, came from the forest bed which represents 
the Aftonian interglacial stage between the Kansan and sub- 
Aftonian till sheets. Small boys, of which the writer was 
one, put fossil wood, pebbles and sand into bottles and sold 
them to visitors to the well during the few days of its fame. 

‘‘The maximum flow of water was variously estimated at 
5,000,000 to 9,000,000 gallons per day, 30,000 to 50,000 gallons 
per minute. ‘T'wo weeks after the well was drilled Professor 
Chamberlin, of The University of Chicago, calculated its dis- 
charge at 3,000,000 gallons per day; 2,000 gallons per minute. 
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The enormous flow rapidly drew down the head until the 
other wells ceased flowing. | 

‘“The attempt to case and control the well continued from 
August 26, 1886, the date when the water was struck, to 
October 6, 1887, when the task was successfully accomplished. 
During this time the well, 193 feet deep, devoured, as the 
local historian recounts, 163 feet of 18-inch pipe, 77 feet of 
16-inch pipe, 60 feet of 5-inch pipe, an iron cone 3 feet in 
diameter and 24 feet long, 40 carloads of stone, 130 barrels of 
cement, and an inestimable amount of sand and clay.’’— 
Norton. / ot 

After ‘‘ Jumbo” broke away, the head of water in the 
the other wells fell rapidly until those on Main street—eleva- 
tion 848 and 846 feet A. T.—ceased to flow on August 30th; 
4 days after ‘‘ Jumbo” began his escapade. The head dimin- 
ished 67 feet in four days, an average of almost 17 feet per 
day. By September 7th the water had dropped to 838.5 feet 
A. T., a fall of 1.3 feet perday. From thattime until Septem- 
ber 20th the head diminished at an average of 3 inches per 
day, or to 835 feet A. T. The head remained at this point for 
about 3 days — 24 feet above ‘‘ Jumbo’’—and then began to 
rise until, on November 22d, it was within 5 inches of the 
surface at Main street, or an average rise of .6 foot per day. 
The well was then closed for thé winter. The head continued 
to rise until about the present level was reached. About 1890 
well No. 88 was allowed to break away by careless drilling, 
and a second ‘‘Jumbo”’ occurred. This one did not act just 
like the first one. Instead of coming out in one stream, the 
water flowed from every gopher hole over several acres. It 
probably spread out in an underlying bed of sand. This well 
again drew down the head. Little was done to shut it off. 
It was allowed to run until it had choked itself up, and all 
the other wells had again ceased flowing. Within two or 
three years the head had risen to about what it is at present, 
_ 864 feet A. T., 51 feet below its original level. At present 
the flow is gradually growing weaker. 
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Up to 1890 about 50 flowing wells had been drilled. Now 
there are about 124 such wells. The owners of many of the 
wells are very careless and let them run much more than is 
necessary. 


GEOLOGICAL STRUCTURE. 


The record of strata passed through in drilling ‘‘ Jumbo a 
has been given above. The well is a typical well on low 
ground. The record with the geological interpretation is as 
follows: 


THICKNESS. DEPTH. INTERPRETATION. 


6. Soil with humus. j...-...-% 4 4 Recent. 
He SAMA Clea yin c. st oeto teeters 12 16 ) 
‘ AeaGravell and SaNG-.  seieakie 8 24 j Loess. 
( Weathered 
Dome OLLO WC Lai Vicreacnatrebaa ances 13 37 , Kansan till, 
| or loess. 
2. Blue clay, with layers or 
pockets of sand and 
gravel and occasional 
hard bowlders<. 2.3.0... 172 209 Kansan till. 
((b) Leaves and wood of an apedis 
; old forest bed. | ae 
\ (a) Gravel and sand, water Besa a d 
l bearing, at........... 209 J Be 


0. Pre-Kansan till. 


Stratum number 6 is composed of vegetable mould, soil, ete. 
It is of about maximum thickness in this well, as the well is 
one of those within the flood plain of the river. In the wells 
on higher ground this stratum is about two feet thick. 

About three miles directly north of Belle Plaine runs the 
line which marks the southern limit of the Iowan drift. This 
line has been traced as far west as the western line of John- 
son county, and has been located again at Toledo, but it has 
not been traced across Benton county and the eastern half of 
Tama. From the topography of the county it seems probable 
that the explored portion of the Belle Plaine area lies almost, 
if not quite, entirely outside of the margin marked by the 
Iowan ice, in which respect this field differs from other arte- 
sian areas in Iowa in which the wells penetrate only the glacial } 
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drift. Butit is certain that the intake area is somewhere 
inside the margin of the Iowan drift sheet. 

The margin of the Iowan ice sheet not being yet definitely 
known in the area under consideration, it is not possible to 
say whether any of the wells of the Belle Plaine area are 
within the moraine of the Iowan glacier. The Belle Plaine 
artesian area, aS far as known, is of Kansan topography, 
except where modified by the valleys of the Iowa river and 
Salt creek. 

The line of the Iowan ice probably coincides with a portion 
of the northeastern margin of the Belle Plaine area, shown 
on the map. The margin of the ice probably ran about two 
miles north of Luzerne, and thence followed the line of the 
margin of the Belle Plaine area running west. About a mile 
east of Irving the Iowan margin turns to the northwest and 
north and runs to a few miles north of Elberon, where it 
probably turns westward, passing several miles to the north of 
Vining, thence in a western and southerly direction, crossing 
the Belle Plainearea and running through Toledo, where it has 
been traced for a short distance. This hypothesis makes 
every well in the Belle Plaine area without the margin of the 
Iowan glacier. There is no reason to doubt that where the 
elevation is not too great, flowing wells in this aquifer will 
be found within the Iowan area. Many artesian wells are 
within the Wisconsin moraine in northern Iowa. Such wells 
are less common in the lowan drift. Fifty to seventy-five 
miles to the northwest are numerous shallow flowing wells in 
glacial drift. These, however, are within the moraine of the 
Wisconsin ice sheet. It is not probable that the aquifer is 
the same as that in the Belle Plaine area. 

Strata Nos. 5and 4 belong to the loess. Stratum No. 3 may 
be loess, but it seems more likely that it is partly weathered 
Kansan, which was not differentiated from the loess. The 
loess deposits in the neighborhood of Belle Plaine are rather 
heavy, so a total thickness of twenty to thirty feet of loess, 
in its thick places, is not excessive. Stratum No. 2 varies 
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with the altitude from about eighty-three feet in thickness in 
No. 40, to 322 feet in No. 29. This glacial till is the Kansan. 
It has the characteristic pockets or layers of sand and gravel, 
and occasional bowlders. At forty to fifty feet from the 
base of the till, leaves and sticks are often encountered, 
which are from the Aftonian interglacial stage, just below, 
the Kansan, and have been mixed with the clay during the 
grinding-up process to which the till was subjected. The 
same phenomenon is well shown in the cut at Oelwein*, where 
wood from the Aftonian forest bed is found twenty feet above 
the base of the Kansan till. 

Sometimes bowlders are encountered by the drill. With 
the light apparatus used it is almost impossible to go through 
these hard bowlders, and they are apt to be struck slantinely, 
which bends the pipe out of line and interferes with further 
driliing. Accordingly, when a bowlder is struck, it is usual to 
pull up the casing and drill another well near by. A move of 
four or five feet usually avoids the bowlder in the second 
drilling. It is cheaper to dig anew well than to drill through 
one of these hard bowlders. 

Stratum No. 1 isthe aquifer. It is of the Aftonian inter- 
glacial stage. In the Belle Plaine artesian area it is com- 
cn posed of— 

(>) An old for- 
est bed — men- 
tion of which is 
omitted from 
Chamberlin’s 
CSCOUd. ne pe 
maximum thick- 
ness is about 
two feet. The 
wood appears 
to be from coni- 
fers: 
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Fia. 53. Section showing variation in Aftonian gravels at Belle 
Plaine. Northwest to southeast. 


*Proc. Lowa Acad. Sciences, vo’. IV, pp. 54-69. 
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(a) Sand and gravel, forming the aquifer. This stratum 
varies from two feet in thickness, as in No. 93, to more than 
forty-six feet, as shown in Nos. 60 and 4. Again, at Ladora, 
the aquifer is thirty to forty feet in thickness. (See fig- 
ures Nos. 53 and 54.) 
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Fia. 54. Section northwest to southeast—Vining to Ladora. 


At some places, as at Afton Junction, the gravel and sand is 
found above the forest bed. At Belle Plaine the gravel and 
sand is below the forest bed. At Afton Junction the gravel 
and sand may have been deposited by water flowing from the 
front of the advancing Kansan ice; at Belle Plaine the gravel 
and sand were probably laid down by streams attending the 
retreat of the pre-Kansan ice invasion. It may be asked how 
the great Kansan glacier passed over this unindurated deposit 
of gravel and sand instead of carrying it away. The answer 
is that the sand and gravel was full of water, which, upon 
the near approach of the glacier, was frozen. Thus the ice 
passed over the frozen sand and gravel without disturbing it 
any more than it would disturb hard rock. 

The wells vary in depth according to surface elevation. 
The altitude of the aquifer is fairly constant. At Vining it is 
641 feet A. T. At Belle Plaine, eight miles to the southeast, 
its elevation averages 620 feet A. T. At Ladora, eleven miles 
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farther towards the southeast, its elevation is 565 feet A. T., 
a fall of 76 feet in 19 miles, or an average of 3.5 feet per mile. 
The elevation of the aquifer diminishes relatively faster toward 
the southeast. From Vining to Belle Plaine the average fall is 
2.6 feet per mile; from Belle Plaine to Ladora, 5 feet per 
mile. The well diggers claim that they can tell within a few 
feet the depth at which the aquifer will be struck, provided 
they know the height of the point at which the well is to be 
bored. The upper surface of the aquifer is more regular than 
the base, showing that the gravel and sand were laid down on 
an uneven surface. The tendency, of course, was for the 
gravel to be deposited over the lowest places, leveling them 
up. For example, in number 7 the altitude of the base of the 
aquifer is 615 feet A. T., elevation of the surface is 620 feet 
A. T. In number 4, about 60 rods north, the base is less than 
590 feet A. T., the surface is 615 feet A. T. In number 60, 
about 15 rods farther north, the base is less than 582 feet A. 
T., the surface is 618 feet A. T. In well number 98, which 
is about half a mile southeast of number 7, the elevation of 
the base of the aquifer is 620 feet A. T., the surface is 622 
feet A. T. Thus within about three-quarters of a mile the 
base of the aquifer varies more than 38 feet, while the surface 
varies only 7 feet. 

The aquifer consists of fine sand at the top, changing to 
gravel at the bottom in the thicker places. In number 6, 
where it is 5 feet 3 inches thick, there is a little gravel at the 
bottom. In number 98, where the aquifer is only 2 feet thick, 
there is no gravel; the whole thickness is sand. In number 4, 
25 feet of sand were penetrated before encountering gravel. 
In number 60, 46 feet of sand were passed through before 
reaching the gravel. The thickness of the gravel at these 
points is unknown. At Ladora the drill penetrated 30 to 40 
feet of sand before reaching the gravel. The whole thickness 
of the aquifer has not been penetrated in any of the thick 
places, so it is impossible to give its maximum thickness. It 
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was found to be composed of 46 feet of sand in number 60, 
with gravel of unknown thickness below. 

In drilling the wells the casing is kept full of water during 
the boring to prevent the sand from rushing up and filling up 
the pipe when the aquifer is penetrated, and preventing the 
water from flowing. Where this is not done it may take days 
to pump out the sand with a sand pump. In fact, it may be 
cheaper to dig anew well, and avoid the mistake. Several 
wells have become stopped up by sand. To prevent this a 
strainer is usually put at the bottom of the casing. Wher- 
ever possible it is seated in gravel. Where the vein is very 
thin, as in number 98, only fine sand is found, and the well 
drillers have trouble in seating the strainer. 

The aquifer thins out toward the margins of the artesian 
area, causing wells near the margin to havea relatively weak 
pressure. It seems probable that to the northwest of Belle 
Plaine the aquifer is thicker, and contains more gravel than 
south and east of Belle Plaine. As in the first mentioned 
portion of the field, with the exception of wells near the mar- 
gin of the area (as numbers 83 and 2), all the wells are normal 
in their flow. In the latter mentioned portion of the field 
there are two groups of wells where the head is abnormally 
weak. In numbers 83, 40, 41, 89 and 58 the weak flow is 
caused by the fact that the wells are near the margin of the 
area; but numbers 143, 142, 118, 152 are apparently well 
towards the center of the field. The explanation of their 
weak flow is considered later. 

The dip of the aquifer to the southeast is about 3.5 feet per 
mile, which seems slight. From Chelsea to Marengo, 
eighteen miles in an air line, the Iowa river falls 150 feet, or 
eight feet per mile. But the aquifer was laid down under 
very different conditions from that of the flow of a river ina 
regular channel. It is also possible that there have been 
changes in level since it was laid down, which have reduced 
its dip. The limits of the aquifer are, of course, the same as 
the boundaries of the Belle Plaine artesian area, which are 
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traced above. The opinion has been advanced that this 
extensive subterranean hydrographic basin is an immense pre- 
glacial river valley, now entirely filled up and obliterated. It 
must be rememberéd that the present drainage of this portion 
of the state has little or nothing in common with its pre- 
glacial drainage.* 

Of the Belle Plaine artesian field, Call says that ‘‘ there 
are indications which point toward the existence in this area, 
either, first, of a great preglacial valley which has become 
filled with morainic materials, or second, to the existence of 
a great fault.’?+ Reference to figure 55 will show that no 
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Fic. 55. Diagonal cross-section—Gladstone to Marengo. 


such geological structure as a great fault need be supposed 
to explain the Belle Plaine area. Call suggests, further, 
‘‘that the water may be derived from the Cedar river,’’ which 
he considers may be tapped below Waterloo, the water find- 
ing its way southward through a very wide and deep channel, 
from which it rises at Belle Plaine. This point will be 


brought up again in considering the source of the water. 
*Call: ‘Iowa Artesian Wells,’’ Weather and Crop Service, vol. [II, March, 1392, p. 4. 
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Professor Norton* ‘‘ regards the Belle Plaine area as a 
normal artesian basin in glacial drift, and does not sympathize 
with any view of the derivation of its waters through a great 
fault or by the subterranean diversion of a river.’’ With a 
better knowledge of the area it seems conclusive that the 
artesian basin occupies a preglacial river valley, now com- 
pletely filled up and obliterated. 

There is positive evidence of a glacial till below the aquifer. 
In one boring, well No. 98, eighteen feet of blue clay were 
penetrated below the aquifer. It is not known how much 
thicker this lower till may be. In well No. III the ele- 
vation will not explain the 240 feet of drift there found. To 
the west, in Nos. 41, 40, 89, the glacial till is but eighty to 120 
feet in thickness; to the east are wells, Nos. M and L, with 
only eighty feet of blue clay; to the north is No. I, with 
about the same thickness of drift. It is possible that No’s. I, 
II, III, and No. C, penetrate the same aquifer, the white 
Devonian limestone just below the Carboniferous shale. The 
altitude of No. II is too great for a flow, and it seems that the 
well should be deeper, but it may lie more distant from the 
margin of the Belle Plaine basin than Nos. I and II, and the 

, conditions in it may be similar to 
those at Marengo. (See figure 56.) 
No. III is included in the Belle 
Plaine field, because of the great 
thickness of the drift there shown. 
The record of well No. III is very 
brief: ‘‘305 feet deep, last fifty feet 
in shale.’’ The elevation is such 
: that the Belle Plaine vein would not 
Sea. eo oe ce flow, and it is very likely that the 
| aoe iggy! a Belle Plaine aquifer was penetrated 
without its being noticed. The well 
2 —~—— was drilled in 1886, or about the time 
Fig. 56. Section shown by Marengo 
wells. the Belle Plaine flow was struck at 


*Op. cit. p. 352. 
43 G Rep 
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Belle Plaine. It was not then known that the latter area 
was so extensive and the well digger was not expecting to 
encounter the Belle Plaine aquifer at Marengo. The head 
of the Belle Plaine aquifer would, even at that time, have 
been a few feet below the surface, and it is probable that the 
weil digger did not notice the vein, if it was struck. 

Number III shows 240 feet of drift, which seems excessive 
for this point. About four miles northward, within the Belle 
Plaine field, are several wells at a greater elevation of curb, 
which show only 20 to 230 feet of drift above the aquifer, 
which is perfectly normal, considering the elevation. This 
well shows an excess of thirty-five feet of blue clay. The 
explanation seems to be given by well number 98, where the 
drill was stopped in blue clay, eighteen feet de/ow the Belle 
Plaine aquifer, in a glacial till of sub-Aftonian or pre-Kansan 
age. Number III gives some not very satisfactory evidence 
as to the probable thickness of this lowest glacial till, which 
here appears to be about thirty-five feet. 

The pre-Kansan drift sheet has been discussed by Mr. 
Bain,* who remarks that the pre-Kansan shows evidences of 
erosion. ‘The inequalities of the base of the Aftonian gravels 
at Belle Plaine point to an irregular pre-Kansan surface. If 
the gravels were laid down during the retreat of the pre-Kan- 
san ice, by streams produced by the melting ice, there could 
have been but little erosion of the surface on which the 
gravels were spread. It is not necessary, however, to sup- 
pose that the upper surface of the till, as left by the ice, was 
perfectly level. 

Over the territory of the Belle Plaine artesian area the 
evidence of a depression in the surface upon which the Afton- 
ian rests is that in the borings, even when not much beyond 
the margin of the Belle Plaine area, much less glacial till is 
penetrated than in the wells within the Belle Plaine area. 
Number I penetrates a few feet of shale and has a total depth 
of only 185 feet, while neighboring borings penetrating the 


*“The Aftonian and Pre-Kansan Deposits in Southwestern Iowa.” Proc. Iowa Academy 
of Sciences, vol. V, p. 37. 1898. 
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Belle Plaine aquifer, with a lower altitude of curb, show 
thirty-four to forty feet more depth, though passing through 
only a portion of the aquifer. Number 32, which is about a mile 
southward and west, has a depth of 220 feet, while the alti- 
tude is less by perhaps twenty feet. Numbers 80, 81, 82 show © 
the same fact. The same condition of things towards the 
west and northwest is proved by numbers 83, 84. About six 
miles towards the southeast is the next boring, a short dis- 
tance outside the Belle Plaine area. The curb of number II 
has an elevation of about 850 feet A. T., and, although the 
boring is only 100 feet deep, a few feet of shale were pene- 
trated, making it probable that the margin of the Belle 
Plaine area is at some distance. The thickness of the glacial 
till at this point is about eighty feet. Two or three miles to 
the west are borings, partly penetrating the Belle Plaine 
aquifer, where 80 to 120 feet of till is shown; the altitude 
being 770 to 810 feet A. T., as wells numbers 40, 41, 89 show. 
About two miles farther south is number III, having an 
elevation of about 830 feet A. T. Like numbers I and C, the 
flow is weak. There is no strong flow from this vein, which 
is in the white Devonian limestone, just below the Carbon- 
iferous shale. Proceeding eastward, numbers M and L show 
only forty-five feet of glacial till before encountering shale. 
At Marengo number 96 is but a few rods south of number 
L, but has about 100 feet more of glacial till. Along the 
entire line traced there is within the Belle Plaine area a 
greater thickness of glacial till than outside that area. At 
Marengo the excess is about 100 feet within a few rods; in 
other places the change is not known to be as sudden or 
extensive. A corresponding relation of till and shale can'be 
shown along the western margin of the Belle Plaine area. 
The wells in Richland and Otter Creek townships (numbers 
F, G, H, I, J, K) vary from 250 to 320 feet in depth, with an 
average altitude of 827 feet A. T., and about 163 feet of 
glacial till above 80 or 100 feet of Carboniferous shale and a 
few feet of Devonian limestone and dolomite. Number 29 
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has an elevation of about 975 feet A. T., and 323 feet of Kan- 
san till, making the upper surface of the aquifer about twelve 
feet below the base of the glacial till one or two miles west- 
ward. As has been remarked, the aquifer appears to be thick 
in this portion of the field. Farther southeast, at Chelsea, 
two wells, numbers A and B, have been drilled into the same 
aquifer as F', G, H, I, J, K, L and M. In these two borings 
glacial till to the thickness of 163 feet was penetrated. A 
very weak vein of water was struck just above the shale. 
This vein flowed a stream about the size of a straw. The 
well drillers believe that this is the Belle Plaine vein. This 
is not probable, however, because its depth is too great. 
Below the shale, which is here only thirty feet thick, a very 
strong flow was struck in number A. Number B is a weak 
flow, because it was never well opened up into the aquifer. 
In A it seemed that a fissure was penetrated. The drill 
dropped several inches. The altitude of the curb of A and B 
is 793 feet A. T. Number 53, two miles eastward, has an 
altitude of 785, and it penetrates 123 feet of Kansan till. The 
base of the till is 619 feet A. T.; in numbers A and B the base 
of the till is 608 feet A. T., or eleven feet lower than in num- 
ber 53, which is a typical well of the locality in this respect. 
This is probably due to gravel not being deposited at Chelsea, 
the Kansan till lying directly above the pre-Kansan at that 
point. Wells V, VI, VIII have an elevation of about 838 feet 
A. T. They show about thirty feet of shale, above limestone, 
in which the aquifer occurs. These wells show about sixty 
feet of till, its base being about 740 feet A. T. In numbers 
IX and XII no shale is reported. The drill passed directly 
from the till to Devonian limestone. The elevation of these 
wells is about 830 feet A. T. The base of the till is about 620 
feet A. T. The elevation of number 31, which is a mile or 
two miles north and west, is 770 feet A. T. The base of the 
till has an altitude of 615 feet A. T. From number IX the 
line of the western limit of the Belle Piaine aquifer can be no 
farther traced until it appears again at Victor, which is as far 
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south as the wells have as yet been drilled. The flow here 
becomes too weak from friction to flow strongly. 

It is unnecessary to believe that this great trough is the 
result of a great fault, or a broad syncline. An obliterated 
river valley is the most natural and reasonable explanation. 
The variation in the thickness of the shale and the limestone 
point towards that conclusion, and all the known facts are 
perfectly consistent with it and with no other. 

This increased thickness of the drift means that the alti- 
tude of the floor upon which it was laid down was lower than 
the surrounding land. That floor is the Aftonian gravels. It 

has already been shown that these gravels are laid down on 
an uneven surface of glacial till. It is reasonable to suppose 
that the streams produced by the melting of the ice during 
the advance of the Kansan followed, in a measure at least, 
the pre-existing river courses. The pre-Kansan till sheet, as 
has been noted, appears to be thin; at any rate it was not 
thick enough to fill the depression. The condition of the val- 
ley at the close of pre-Kansan was probably similar to that 
of the interglacial valley at Mason City, which belongs to the 
interval between the Kansan and Iowan ice invasions,* where 
the Iowan till was not sufficient to fill the valley. The rocky 
bluffs on either side still rise to a height of forty feet. The 
valley at Belle Plaine was much wider, averaging about six 
miles, while the depth is at present unknown. 

Probably the valley was first a great preglacial river valley 
cut in the Devonian. The stream was revived after the Car- 
boniferous, and was afterwards partially filled up by the pre- 
Kansan glacial till. Then the Aftonian forest grew, and 
possibly a river again occupied the region. Finally the great 
invasion of the Kansan ice completely filled up and obliterated 
the river valley, blocking it with till, through which an 
entirely new and distinct valley has been cut by the Iowa 
river. This present river valley obliquely crosses the old 
valley; their coincidence is wholly accidental. 


*Ilowa Geol. Survey, vol. VII, p. 125. 
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A letter from Professor Beyer informs the writer that a 
thesis by ‘‘Mr. Leverett gives records of certain wells in 
Story county which appear to indicate depressed areas in the 
old surface, and suggests that these depressions may be one 
and the same.’’ Mr. Callt+ takes this as, evidence of a pre- 
glacial river valley. If there is a preglacial river valley there 
it does not seem likely that it is the same as that found in the 
Belle Plaine area. Shallow flowing wells are very common 
within the territory covered by the Wisconsin glacier, and 
similar preglacial drift-filled valleys are not uncommon. 
Flowing wells in glacial till are much less common in the 
region occupied superficially by the Iowan drift, and the 
Belle Plaine area is so far the only one in Iowa known to be 
outside the margin of the Iowan ice. To this exception must 
be added the small area in Honey Creek township and men- 
tioned below. 

Wells numbers dd, ee, ff, gg and hh—the first two of which 

flow five feet—form a local artesian area, explained by local 
conditions. It is remarkable in being wholly out of the Iowan 
drift—and of course the Wisconsin as well—both as to basin 
and intake area. The source is probably in the elevation to 
the south. The area is purely local, and probably does not 
extend over an area of more than three or four square miles. 

The non-flowing wells to the southwest of the Belle Plaine 
area are of interest in showing that the general dip of the 
country rock is towards the southwest. This is the normal 
dip for this portion of the state. The wells outside the Belle 
Plaine area, at and near Chelsea and Marengo, show that 
below the pre-Aftonian glacial till is thirty to eighty feet of 
Carboniferous shale. Just below this shale weak flows were 
found in numbers I, III, C and XII, probably in Devonian 
limestone. Below this shale is six to twelve feet of white 
Devonian limestone, then twelve to fifteen feet of blue lime- 
stone, also Devonian, then a few feet to 250 feet of variable 
Stone, described as gray, pink, brown, ete. This last is also 
Op cit, March, 1892, p. 12. 
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Devonian. Norton* states that the Devonian ‘‘ probably some- 
what exceeds 300 feet immediately west of its outcrop in cen- 
tral lowa.’”’? Wells numbers L, M would seem to verify the 
statement. The Chelsea group appears to contradict it. The 
water comes from a so-called ‘‘ white sandstone.’’ It is hard 
to explain the occurrence of sandstone at this elevation and in 
this section of the state. It is most likely a granular dolo- 
mite which is broken up by the drill, giving it the appearance 
of sandstone. It is probable that. it is the dolomitic phase 
which changes, and. not the thickness of stratum. In several 
of the Chelsea wells the flow appears to be found in a crevice 
in rock. Crevices are characteristic of dolomite. <A few of 
the Chelsea wells, as number B, do not flow strongly. 
‘* Shooting ’’ these weak-flowing wells with nitroglycerin, as 
gas wells are shot, might increase their flow by opening up 
crevices in the rock, thus giving less impeded channels for 
the water. The head from this aquifer conforms to Profes- 
sor Norton’s map, showing isopiestic lines for head above sea 
level of water in Iowa artesian wells not in drift.t The head 
at Chelsea is about 860 feet A. T.; a little stronger than 
might be expected. At Marengo the head is about 750 feet 
- A. T.; not quite as much as it theoretically should be. The 
flow is reported as sixty gallons per hour, which would indi- 
cate a head of only a few inches. A head of one foot, from a 
three-inch pipe, will flow 4.44 gallons per second. The flow 
of this well would probably be increased by ‘‘shooting.”’ 

Belle Plaine is one of the few cities of more than 4,000 
population in Iowa which have no system of waterworks. By 
drilling to a depth of about 450 feet a moderate artesian flow 
would be obtained on low ground. But the water would be 
but little better than the Belle Plaine vein, as the analysis of 
the Marengo well shows. At a depth of about 1,300 feet, 
however, a moderate flow of excellent water will be found in 
the Saint Peter sandstone. 


*Artesian Wells of Iowa, Iowa Geological Survey, vol. VI, p. 148. 
+Op. cit., Plate vili. 
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The phenomonal flow of ‘Jumbo’ has already been 
mentioned. The average head of the 124 flowing wells is 38 
feet, that figure being the result of the sum of heads divided 
by 124. This is the head from the curb, or surface of the 
ground. <A head of 38 feet equals a pressure of almost 17 
pounds per square inch. 

The velocity of flow from curb, in feet per second may be 
represented by v. According to the well known formula for 
the flow of water from an orifice, v equals the square root of 
2 gh, where g equals the acceleration due to gravity; or 32.16 
feet, and where / equals the head in feet, in this case 38. The 
square root of 2 g, or 2 times 32.16 is about 8.02 and the square 
root of 38 is about 6.15.; 6.15 times 8.02 equals 49.32, the 
velceity of the flow in feet per second. This does not take 
friction into account. The solid contents of 1 foot length of 
a 3-inch pipe equals .3672; 49.32 times by .3672 equals 18.11 
gallons theoretical flow per second; 1,086.6 gallons per minute; 
65,196 gallons per hour, or 1,564,704 gallons per day. 

The wells are nearly always shut off to about 15 gallons per 
minute. As nearly as can be determined that is the average 
actual flow per well. This gives a total flow from the whole | 
aquifer of 1,860 gallons per minute; 111,600 gallons per bour; 
2,678,400 gallons per day; 977,616,000 gallons per year, and in 
the twelve years since the wells have been discovered the 
total amount of flow has been about 11,731,392,000 gallons. 
The two periods during which the water flowed little, are 
more than compensated for by the excessive flows causing 
those diminutions. The total amount of water is equal to 
about two-thirds the average monthly discharge of the Wis- 
consin river.* 

This water comes from the rainfall somewhere to the north- 
west of Belle Plaine, probably not more than fifteen to twenty- 
five miles distant. 


*Greenleaf, ‘Report on Water Power of the Mississippi River,” p. 20, vol. XVII, Tenth 
Census U. 8. 
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The rainfall in this portion of the state is slightly below the 
average. ‘The average rainfall for Iowa is 34.88 inches per 
year. The early records show a higher average but this is 
probably due to the fact that the earlier observers were 
stationed at points since proven to have more than the normal 
rainfall for the state. 

It would seem that thirty inches per year is a conservative 
estimate for the locality under consideration. Of this amount 
it may safely be assumed that one-fourth finds. its way to the 
aquifer. Professor Norton* quotes DeRance’s estimate that 
one inch of rainfall per year equals a daily average of 40,000 
gallons per square mile. One-fourth of this, or 10,000 times 
30—300,000 gallons. per day per square mile—640 acres— 
reaching the aquifer. The intake area insquare miles equals 
the flow per day divided by 300,000. gallons, the estimated 
daily intake; 2,678,400 divided by 300,000 equals 9, nearly. 
The supply area, then, need not be more than about nine 
square miles in extent. Professor Chamberlin made an 
estimate that the area of intake ‘‘need not exceed 400 acres 
in extent.” His estimate was based upon ‘‘a discharge of 
5,000,000 gallons lowering the head five inches per day, 
and taking no account of inflow —the reservoir indicated has 
a clear surface of less than forty acres. A mixture of sand 
and gravel may easily contain one-fourth its volume in water, 
as may be shown by experiment; but assuming one-tenth, the 
upper stratum need not exceed 400 acres in extent.’’ The 
total normal flow is a better basis for calculation than 
‘¢ Jumbo’s’’ abnormal flow, as the former more nearly shows 
the real amount of water supplied to the aquifer. Professor 
Carpenter’s table of velocity of underground waters, given 
below, shows that the flow of underground water is very 
much slower than it has beensupposed. The apparently rapid 
drawing off of the head after ‘‘ Jumbo”’ broke loose, was due 
to the draining of the aquifer locally, and its inability to 
supply water fast enough on account of friction, rather than 


*Op. cit. p. 155. 
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to drawing off the head, over the entire basin. The prompt- 
ness with which the head began to rise—only about two 
months after Jumbo broke loose, and while still uncontrolled, 
appears to confirm this opinion. The head has lowered 
slightly, for the last four or five years, showing that the 
maximum number of wells has about been reached, and that 
many more wells, or letting those now drilled flow an unneces- 
sary quantity of water, will reduce the head, injure all the 
wells in the area, and cause the wells on higher ground to 
cease flowing. 

Besides the amount of water discharged from the runaway 
wells, thousands of gallons have been wasted by letting the 
wells run more than necessary. This has not yet become 
serious enough greatly to injure the wells.. The deep wells 
drilled befure Jumbo have since been useless, the water being 
too deep to be pumped easily. 

Call mentions a well (No. 28), in lowa county, range 80 N., 
12 W., section 12, with a flow of 1,500 gallons per hour. No 
other dataare given. The location puts the well near Ladora. 
The writer has not heard of an artesian well near Ladora dug 
before 1891. The How is about correct for the Belle Plaine 
vein. On his map of artesian wells in Iowa, Call locates a 
well (No. 108) about fifty miles west and north of the Belle 
Plaine area—the nearest in that direction. But this well is 
omitted from the continuation of the list of wells.* 

The flow from the wells is not apparently affected by the 
rainfall. This is no doubt due to the slow movement of water 
in the aquifer. The head does vary, but not more than a few 
inches. It is difficult to keep an accurate record of the 
variation of the head. A decrease may be due to over draft 
instead of diminished head; or it may be in the individual well, 
so that the sources of error are too numerous to be guarded 
against, except in a very general way. Water flows much 
more readily through gravel than through sand, and where 
the aquifer is gravel below and sand above, it may beassumed 


*Call, Op. cit., p. 19, March, 1892. 
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that the water flowing through the gravel rises to reinforce 
that in the sand above. 

In the Belle Plaine artesian area, the irregularities of the 
aquifer account for certain irregularities of flow. At the 
edges, where the flow diminishes and the head of water 
becomes lower with unusual rapidity, as Nos. 58, 83 and 41, 
for instance, the aquifer is probably a thin vein of fine sand, 
with no underlying bed of coarse gravel near by. Probably a 
similar condition obtains at Marengo in No. 96. A group of 
wells towards the southern portion of the field, wells Nos. 
.143, 142, 118, 152, ought to have a head of about thirty-five 
feet, instead of six feet. The same thing occurs in a number 
of other wells in the southern portion of the field, Nos. 40, 41, 
89. In isolated wells of abnormally weak head, the weakness 
may be due to the well being not properly drilled, but in the 
group of four mentioned, Nos. 143, 142, 118, 152, which average 
about a quarter of a mile apart, improper drilling will not 
explain the diminished head. ‘These wells are not so close 
together as to interfere with one another’s flow, and they are 
ranged across the aquifer about at right angles to it. If these 
wells were ranged in a line parallel to the trend of the aquifer 
the case would be very different. Elevations being equivalent, 
in that case the well nearest the source of water would rob 
those more distant. The well nearest the source of water 
would flow with normal pressure, while the more distant 
wells would flow with a pressure less than normal. These 
wells are not near enough together to affect one another’s 
flow. Improper drilling will not explain a group of wells act- 
ing in this way, so it seems reasonable to believe that their 
peculiar behavior is due to something in the source of supply. 
There is no doubt that the water comes from the Belle Plaine 
vein. It appears reasonable to ascribe the diminished flow 
to some change in the character of the aquifer. The aquifer 
is changeable in thickness, varying from two feet to more 
than forty-six feet in thickness, and that within less than a 
mile. It ischangeable in character also; varying from coarse 
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gravel at the bottom in its thick places, to fine sand at the top. 
Suppose that the aquifer here is two feet of fine sand as in No. 
98, and that it persists as such for a half mile to the north- 
ward; reference to the table will make it apparent that this , 
state of things would easily account for the diminished flow 
and head. 

The narrowing of the aquifer to. about three miles, two 
miles to the northward towards the source of supply, probably 
diminishes the amoynt of water which flows into the portion 
of the field to the south and east of the constricted point. If 
this constriction affects any, it affects all the wells to the 
south and east of it, and influences them all alike. This may 
partly account for the fact that elevation of head diminishes 
faster proportionately, from Belle Plaine to Ladora, than from 
Vining to Belle Plaine. (See diagram No. 3.) 

As to the part played by friction in the flow of underground 
water, Professor Carpenter of the Colorado experiment station 
has made interesting observations on the seepage or return 
waters from irrigation, from which he has prepared the follow- 
ing table. 

TABLE FOR FINDING APPROXIMATE VELOCITY OF FLOW OF WATER THROUGH 
SOILS. BY PROF. L. G. CARPENTER:* 


Value of ‘'k”’ in formula: 
fall (in feet). 


Velocity (in feet)=k times 
distance (in feet). 


q 
oa i VALUE OF K TO GIVE VELOCITY 
2 v3 IN FEET. 
west ° 
rae Es be 
KIND OF MATERIAL. BO se ee 5 ns j 
32 |] 3 Bue ks 3 
ea ot ee et ae a 
Set Son ee ee 5 5 
Nie tO oO. oO o © 
: OP) > Ay Ay Ay Ay 
Minute craven colt ae 08 | 0.41 | .024 | 86.47 | 2075.0 | 757.520 
Rontne Ba ndmetecer a, res soot ate nveeeef 0.88 |).0026. |. 9.38 | 224.0") 81,730 
Pine sandy see. Fer ee emer eat etek .008 | 0.35 | 00047 | 1.69] 40.5 | 14,777 
Saridy- otha sey Nea aoacves widen tee 0.30 | 00022! .79| 189] 6,897 
Sandy Clay. teugnc cemcmcce ea tae eae 0.25 | 00012] .42| 10.2] 8,725 
CUR ao arte ate ee re ee paar aetna as ape aot Looe 
(Ahern 00008 | 295] 7.1] 2,587 


*Bulletin No. 33 on Seepage Waters, of the Colorado e i ; 
Re ee xperiment station, Fort Collins, Col.: 
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Illustration of use of Table: What distance will water 
pass through coarse sand in a year, with fall of fifty feet per 
mile? 

Here, fall divided by the distance is 50 divided by 5,280, or 
1-106; close enough, considering the approximation in the 
data, to call 1-100. Ifthe sand averages 1-10-inch in diam- 
eter, without finer particles, it might be classed as minute 
gravel. Then from the table, ‘‘k,’’ for velocity per year, is 
757,520, and distance is 757,520 times 1-100, or 7,575 feet, or 
about 13 miles. 

If in coarse sand, same fall, distance in a year is 81,730 
times 1-100 equals 817 feet. If movement is straight down- 
ward, the fall may be the same as the distance. 

By this table, with a fall of 3.5 feet per mile, as in the 
Belle Plaine aquifer, in coarse sand, the water has a velocity 
of about 5.70 feet per year; in minute gravel, 53 feet per year. 
But in places where the vein is thick there is coarse gravel 
below, much coarser, indeed, than .08 of an inch in diameter. 
The largest grains are aS much as.5-inch in diameter, and 
perhaps larger. In the coarse gravel the water moves with 
comparative freedom, the velocity may be as much as one 
mile per year. Professor Carpenter observes: ‘‘When the 
passage takes place through the interstices of the soil the 
movement’ (of underground water) ‘‘is very slow, much 
slower than is ordinarily supposed by those first encountering 
the subject. It is faster as the material is coarser. Where 
there are perceptible channels the movement may be rela- 
tively rapid.’’* 

Referring to the table for finding approximate velocity of 
flow of water it is curious to note that, calculating that the 
water in the aquifer flows one mile per year, it would take 
eight years for water to flow from Vining to Belle Plaine, in 
a direct line, and nineteen years for water to flow from Vining 
to Ladora; seven years longer than the time since the wells 
were discovered! Or it will be 1905 before water which was 


** Bulletin Colorado Experiment Station,” No. 33, p. 4. 
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at Vining when Jumbo was struck in August, 1886, will flow 
from the wells at Ladora. If the Ladora wells about that 
time show an otherwise unaccountable decrease, it may be 
taken as a verification if the above. However, the effect of 
the drain may be minimized by (1) the constriction of the area 
southeast of Belle Plaine, (2) the apparent thinning out of the 
aquifer southwest of Koszta, and (3) the storage capacity of 
the thirty-foot vein at Ladora. The velocities given in the 
above table very graphically show (1) the vast importance of 
friction in the aquifer and (2) the variation produced by 
changes in the character of the latter. 

The head of the Belle Plaine aquifer at Belle Plaine was 
915 feet A. T. when first discovered. At present the head is 
864 feet A. T. at the same point. 


THE SOURCE OF THE WATER. 


As has been mentioned above, the intake ground or catch- 
ment basin, from the general trend of the Belle Plaine area, 
appears to be towards the northwest. It is at whatever place 
or places, at present unknown, erosion of the glacial tills has 
exposed the Aftonian gravels. This locality need not be very 
far away. It may be near Wolf creek, in Tama county, but 
at present so little is known about the geology of this portion 
of the state that nothing definite can be said. The area of 
intake is not in the immediate vicinity to the north of Belle 
Plaine, as wells in the same aquifer have been drilled at Vin- 
ing, eight miles to the northwest. The intake area is possibly 
in that direction, five or ten miles beyond Vining. 

Professor Chamberlin says: ‘‘It is not, therefore, neces- 
sary to suppose any unusual subterranean source, either in 
area or kind, nor is it necessary to suppose a distant origin. 
The head is not greater than could be supplied by the country 
adjacent on the north, which is the probable supply ground. 
It is simply a flowing drift well, run rampant for want of con- 
trol. It has its phenomenal feature in its magnitude, and its 
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lesson in its expensive and destructive career through injudi- 
cious handling.’’* 

When Jumbo was struck some persons thought the aquifer 
was a solid vein of water, and were fearful lest this water 
escaping, the ground would cave in! ‘‘The well was sup- 
posed by many to tap an aqueduct leading from some large 
and distant body of water, but with such vagaries the reader 
will have little patience.”+ Some connected the lowering of 
level in certain lakes in northern Iowa, particularly Storm 
lake, with these wells. True, the lakes have lowered, but 
the wells have been in no way related to that phenomena. 

‘‘The life history of a lake, the conditions of its existence, 
show that it cannot be the reservoir of artesian water. If 
the depression which the lake occupies is due to secular rock 
decay, residuary clays, the produce of such decay, may cover 
the bottom with an impervious mantle. Though the depres- 
sion may be due to other causes, it becomes an area of sedi- 
mentation on account of its relatively low relief. The floor 
is built up of layers which include, if they do not consist of, 
water-tight clays. Nor do lake beaches of sand, or sandy 
bottoms, afford subterranean outlet. Even if clayey layers 
do not occur immediately beneath, yet the pressure of the 
ground water from the higher levels of the surrounding land 
will usually prevent leakage. Such sandy layers thus become 
the conduits of sublacustrine springs, and replenish instead 
of ‘deplete the waters of the lake. For reasons much the 
same it is not to be supposed that rivers contribute to artesian 
supply, except under special circumstances.’’} Mr. Calls 
believed that the Cedar river was tapped below Waterloo, and 
the water conducted by a wide and deep channel to Belle 
Plaine. If this were true the volume of the Cedar should 
diminish below that point. The writer has not found any evi- 


*Svience, vol. VIII, p. 276. 

+Norton, op. cit., p. 352. 

+*Norton, p. 159. See, aiso, Chamberlin, ‘‘ Requisite and Qualifying Conditions of Artesian 
Wells.’ Fifth Ann. Rept. U.S. Geol. Surv., p. 132. (1885.) 

§lowa Weather and Crop Monthly, March, 1892, p. 7. 
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dence confirming this. Mr. Call suggests, also, that there 
may be ‘‘at least two, and possibly three, water-bearing 
strata, one of which is coincident with the forest bed of 
Towa.’? There is, however, only one aquifer penetrated in 
the Belle Plaine wells. ‘‘ Certain it is,’”’says he, ‘* that some 
unusual and abundant water supply prevails in that section. 
Mhe rainfall is not above the mean of the state, and no other 
subterranean source seems probable.’’ These arguments have 
been sufficiently refuted above. 


CHEMISTRY OF THE WATER. 


ANALYSIS OF THE BELLE PLAINE ARTESIAN WATER. 


STAB Cr Ts ocean a erOreL era mecmcurennG Ais ooo OrEd b,c. onan brea 1.6 
Bicanbona besOfesOd dietrea scitciel<ts igias te eis er evel eeactelee ia) oem ose 
J OiihiC eee esha c Odea nan bok. on Ganon UUScoop ooUdod Traces 
Sulphiaterorelimer eee wredetet my /vecsssleleinie's slterclete ere . 1427.8 
Sulphate of magnesia..............-seeeceeeseeoeeee 561.0 
Carbonate Ol Magnesia sere1-1.icllele aterele olelettee isiel-vertolel= 187.3 
Sulphateiot SOd age rese ciaietete verses te astern kereroia) leper ie teeters 89.3 
Chlorid cor Sodium ss .ieccmccsrmreresharerierk nee emis 8.8 
PropocarNonaterOlaron saccce cece tec coe cca tele ctee ee 10.5 
P O FABBLUIIGS ee eied w eet cre ae Sete aie ec aeebe beara me aie eteeslopeiets Traces 
OpnganioMmabters cya ckelsisitctsra ste rheis aie ers ostalelatetones ries ket Traces 

MotalisOllase sce sete ath a fovesnsveetons sees eeieotecti ct 2290 2 


This analysis was made by Prof. L. W. Andrews of the State 
university. 

The water from these wells is about as heavily charged 
with mineral matter as any artesian water. in Iowa. The 
water leaves a sediment from the lime salts, which inecrusts 
the pipes, and has a red stain from the iron. At the same 
time, it consumes ordinary galvanized pipe to a shell, 
in three or four years. The large amount of mineral water in 
solution does not seem to lessen. No analysis has been made 
since 1886, so that the present and past amount of mineral 
cannot be compared. ‘The indications, however, are that 
there has been little, if any, change. The water consumes 
pipes just as rapidly, and deposits sediment and stain just as 
thickly and as quickly as at first. Considering the vast 
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quantity of water which has flowed from the wells, the per- 
sistence of the mineral in solution may be explained by the 
slow flow of the water through the aquifer. 

It is not necessary to suppose any extraordinary or unusual 
source for the mineral matter in the water. The glacial till 
is made up of rock grindings which can easily supply the 
minerals found. These are the same asin other Iowa arte- 
sian wells, and are directly or indirectly derived from the 
constituent and accessory minerals of soils and rocks.* 
The analyses of several artesian wells are compared below. 
The analyses are from Call’s article. 


tH ps ieee °) . 7) 

a 2 & aq |NAsH [EF oh 

QUANTITATIVE “a 6 S css}. O88 
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fo) Hy EF ie 4 
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PATNI AE el siaselevee sce ons Trace INEN Moa oaaono at BRC) Maocccrs chcveneped [evearaneers aeeae 
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RicarbonavesCaleiimiamec etic srtesie seals alae Merwe all Ceamtectisral|iavelensl crovarap eect ols Grete! sik ws 
Potassium nitrate. ..|........ os OMA reco rarcnsr decal onctertasrarsal sebelevsetareta nl serere cial ne ots 
Pda OE NKS:) Sonn ocodad|Guanands pA eH a ac faced aetstetins Peeteerelots stecs|iNcverselore sie 
Organic matter ...... AMINES Ena odana lnmadocsadel oor i6s Sind cosocenl pao sr neers 
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Potassiimrchlorid erect ell asics cana silts oiclsts chars LTO aire errae pevaaliraps oats one 
IDEGS DIOUOb al (ia oe ois colt ende So.ckol OOD eh ace Lom oe Pca pier OS 2A SIE a orgies 
SOGUINECAE DOD ALE etree tert scotatiat lloterp aia ale aie ta:[lars tere busajanailieniatareetets 118.949 43.502 
MerricsOx10d Garcicr 13.956 
ee noch don J el aan es a eee 95 
; = 6.577 376.489 
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*And insoluble residue. 


A comparison of the analyses shows that the Belle Plaine 
water contains about the same minerals, and in about the 
proportion, as other artesian wells. The Belle Plaine water 


*Norton, op. cit., p. 363. 
44 G@ Rep 
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earries but little more calcium carbonate, and has less total 
solids than the Marengo well, which is not a well in drift. 
The pipe-consuming qualities of the water shortens the life of 
the weaker wells. The temperature of the water remains 
fixed at about 52° F. the year round. 

From examination of the analyses of the Belle Plaine water, 
its therapeutic or medicinal value, or want of value, is very 
apparent. The most extravagant claims have been made as 
to the value of this water in curing almost every human ail- 
ment, from rheumatism to dyspepsia. One physician says 
that the water has mild laxative and diuretic, and slight 
alterative value. Another physician says that ‘‘the water 
possesses very little, if any, therapeutic value; on the con- 
trary, it is highly injurious in certain conditions of the kid- 
neys. Persons having weakness of the kidneys or bladder 
trouble cannot use the water at all without suffering bad 
effects. There are those who claim that the water has per- 
formed marvelous cures for them, but the fact must be con- 
sidered that their ailments have been more mental than 
physical.”’ 

The food taken into the body supplies sufficient mineral 
matter, so it is unnecessary, and,even injurious, to drink 
water heavily charged with mineral matter, which the Belle 
Plaine water is. It cannot then be said that the Belle Plaine 
artesian water has any therapeutic value, or is even a good 
drinking water. That mineral water is best which contains 
the least mineral. Pure rain water, or better, distilled water, 
is the best water for drinking purposes. Several inexpensive 
and very satisfactory stills are now on the market. 

It has been claimed that the water is ‘‘magnetic,”’ and that 
‘‘a knife blade held in this water a few seconds would become 
charged strong enough to pick up a pin.’’* The writer has 
experimented by suspending a knife blade in the running 
water from a few seconds to half a day, but in no case would 
the blade, when carefully dried, attract a pin, or even a 


*History of Jumbo, p. 24. 
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Artesian well, at the corner of First and Maple streets, Belle Plaine, 
Iowa, July, 1886 
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needle. The wet blade, however, will ‘‘ pick up’’ a pin beau- 
tifully, but not by magnetism. This fact may explain the 
numerous so-called ‘‘ magnetic’’ waters. 


USES OF THE WATER. 


It has been shown that the Belle Plaine artesian water is 
of little or no value as a medicinal or drinking water. The 
analysis shows it to be unfit for steaming or manufacturing 
purposes. Its pipe-consuming quality, and its sediment and 
unfitness for culinary, household or manufacturing purposes, 
makes it unavailable for city waterworks. 

It is not necessary to use the water for irrigation, and the 
volume is not sufficient, except for irrigation on a small scale. 
Neither is the volume sufficient to furnish power for 
manufacturing purposes. Hon. J. J. Mosnat has attached a 
small waterwheel to a weak-flowing well (number 62), and 
uses the power for pumping water to supply his residence. 
The one use of the water is for stock. Nearly every farm in. » 
the area has one or more wells. After cattle become accus- 
tomed to the peculiar taste of the water they are said to pre- 
fer it to other water. Indeed they appear to thrive onit. This 
has been the principal use of the water since the vein was 
first discovered. 


WELL RECORDS. 


Below are given the records of a large number of the wells 
in the area. In Table I is the geological section of certain 
of the wells penetrating the rock. 
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TABLE I, 


SECTIONS OF WELLS. 


WELL No. A, 


My 6 
DESCRIPTION OF STRATA. a3 sy Gk 
a qr 
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Acer dasycarpum, 150. 
nigrum, 240. 
saccharinum, 150. 
Acervularia davidsoni, 277, 282. 
Adair county, clay production, 143. 
Adams, elevation of, 262. 
County, clay production, 43. 
Coal production, 39. 
Administrative reports, 9. 
Aftonian, Muscatine county, 338. 
Scott county, 474. 
Agassiz, A., 234, 
Allamakee county, stone production, 47. 
Alluvium, 242, 
Altamont moraine, 106, 163. 
Amelanchier canadensis, 151, 240. 
Ames, elevation, 163, 
Well, 174. 
Amorpha canescens, 242. 
fruticosa, 244. 
Ampelopsis quinquefolia, 240. 
Analysis, artesian wells, 552. 
Muscatine county, 303. 
Scott county, 507. 
Story county, 233. 
Anamosa limestone, 427, 432. 
Ancient rivers, Story county, 209. 
Anamosa (see also Gower). 
Quarry, 496. 
Anderson, T. E., mine, 494. 
Andre, Boland, quarry, 498. 
Andropogon nutans, 241, 242. 
provincialis, 241, 242. 
scoparius, 242. 
Anemone pennsylvanica 242. 
Anken’s quarry, 430. 
Anteglacial silt, Muscatine county, 328. 
Appanoose county, clay production, 43. 
Coal production, 39. 
ore production, 
47. 
Aguilegia canadensis, 241. 
Artesian wells of the Belle Plaine area, 
521, 
Artesian wells, Carroll county, 104. 
Davenport, 506. 
Scott county, 505. 


563 


Ariseema draconitum, 243. 
Asclepia tuberosa, 242. 
Aster azwreus, 242, 245. 
diffusus, 243. 
levis, 242, 245. 
multiflorus, 242, 245. 
salicifolius, 243. 
sagittifolius, 241. 
Astreospongia hamiltonensis, 269. 
Atalissa, elevation, 262. 
Atrypa aspera, 269, 282 
reticularis, 269, 272, 274, 278. 
Athyris subquadrata, 132, 134. 
vittata, 274, 277, 278. 
Attender’s quarry, 311, 370. 
Audubon county, clay production, 43. 
Aviculopecten occidentalis, 309. 


Bain, H. F., cited, 147, 317, 335, 337, 394. 
Geology of Carroll county, 
49 


Work of, 11. 

Ball, C. R., 388. 

Baptisia cucophaea; 241, 245. 

Barnes, Frank, 312. 

Barris, W. H., 394, 514. 

Basal conglomerate of the Des Moines 

formation, 315. 

Beaver creek, 128, 132. 

Becker’s quarry, 430; 433. 

Bellerophon sublaeris, 123. 

Belle Plaine artesian wells, 521. 

Benton county, clay production, 43. 
Stone production, 47. 

Bessey, C. E., cited, 239. 

Betula papyrifer, 152. 

Beyer, S. W., Ceoloey of Story county, 
15 


Mineral production of 
Towa in 1898, 31. 
Work of, 12. 
Bidens frandasa, 243. 
Bifidaria pentadon, 202. 
Black Hawk county, clay production 43. 
pine production, 
4 
Boom, W. M., brickyard, 103. 
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Boone county, clay production, 43. 
Coal production, 39. 
Work in, 12. 
Boynton, KE. P., 500. 
Brachyelytrum aristatum, 241. 
Brayton, B. B., 14 
Bremer county, clay Pe ee 43. 
Brick, production in 1898, 4 
Yards, 
Black Hawk Brick Co., 
502. 
Boom, W. M., 103 
Cameron & Lyons, 228. 
Ce athe Patt George, 
371 


Davenport Brick & Pay- 
ing Co., 499. 

Fairport eS NE 372. 

Fuller, J. W., 

Gibbons, E., 103, 

Hagerman & Koelling, 
373. 

Hagermaster, 373, 

Island City, 499. 

Kelley Tile Works, 224. 

Le airs Brick & Tile 


Long, r i. 103. 

Maxwell Brick & Tile 
Co., 194. 

McHose, Chas. E., 222. 

Montpelier Brick Works, 
372. 


Muscatine Terra Cotta 
Lumber Co., 373. 

Nelson, Paul, 220. 

O'Neil & Kellenberg, 102. 

Otter & Pohlman, 502. 

Fonnpas H. P. & Bros. be 
502 


Ruch, J., 502. 
Samuels, Chas., 374, 
Shellhorn Pottery, 372 
Slope, Prince, 224. 
Stitch Bros., 143. 
Swenson Bros., 221. 
Tensdel Pottery, 372. 
Lyman & Co., 220. 
Bromus ciliatus, 241. 
Brown, C. H., 146. 
J. W., 514, 
Buchanan county, clay production, 43. 
Stone production, 47. 
Gravels, 199, 339, 478. 
Building sand, Story county, 228. 
Stones, Humboldt county,1i41. 
Muscatine county,369. 
Scott county, 495. 
Story county, 225. 
Buena Vista county, read production, 43. 
Bull’s quarry, 130, 1 
Burghausen, FE, T. cialaets by, 507. 


INDEX. 


Ccenothus ovatus, 242. 
Call, R. E , cited, 527, 536. 
Calhoun county, clay production, 43. 
Caltha palustris, 245 
Calvin, S., cited, 146, 253, 309, 317, 335, 
352, 360, 339, 394, 423, "495, 426, 427, 
429, 478, 483, "484, 514, 526. 
Cambridge, elevation, 163. 
Cameron & Lyon brickyard, 223. 
Campbell, Tom, well, 104. 
Carboniferous in Carroll county, 68. 
Humboldt county, 123. 
Muscatine county, 303. 
Scott county, 499. 
Cardamine rhomboidea, 245. 
Carex pennsylvania, 241. 
Carpenter’s quarry, 280. 
Carpinus carolinian, 152. 
Carroll county, clay production, 43. 
Geology of, 49. 
Work in, 11. 
Carya alba, 152. 
amara, 152. 
Cass county, clay production, 43. 
Caulophyllum thalictroides, 241 
Cleanothus americants, 242, 244. 
ovatus, 244. 


| Cedar county, clay production, 43. 


Stone production, 47. 
Work in, 11 
Oelastrus scandens, 240. 
Oeltis occidentalis, 152, 242. 
nee tribuloides, 243. 

Cephalanthus occidentalis, 151. 
CerroGordo county, clay production, 43. 
Chalk rock, 75. 
etre T. C., cited, 94, 360, 527, 


528. 
Chandler, C. F., cited, 424 
Charlestown, Sa ae: 526, 
Chemist, work of, 14. 
Chemical analy sis of coal, 496. 
Water, 230, 507, 553. 
Cherokee county, clay production, 43. 
Chonetes mesoloba, 309. 
parvus, 309. 
Christopherson, Geo., brickyard, 37. 
Circeea lutetiana, 241. 
Cladopora towensis, 278. 
Clarke county, clay production, 43. 
Clay county, clay production, 43. 
Clays, Carroll county, 97. 
Humboldt county, 144. 
Muscatine county, 372. 
Scott county, 499. 
Story county, 219. 
Ps county, clay production, 43. 
Stone production, 47. 
Claytonia virginica, 246. 
Clipper mine, 494. 
Clinton county, clay production, 43. 
Stone production, 47. 
Cnicus altissimus, 242. 


INDEX. 


Coal, Carroll county, 97. 
Muscatine county, 367. 
Production in 1898, 39. 
Scott county, 494. 
Story county, 216. 
Coal measures, see Des: Moines forma- 
tion. 
College well, Ames, 174, 239. - 
Collins, elevation, 163. 
Colo, elevation, 163. 
Coloration of rocks, 79. 
Conesville, elevation, 262. 
ee reliefs, Scott county, 
95. 
Conulus fulvus, 202. 
Cornus asperifolia, 151. 
stolonifera, 151. 
Corylus americana, 152, 240. 
Counties surveyed and mapped, 13. 
Cowles quarry, 437, 458. 
Crateegus coccinea, 151. 
mollis, 240, 2438. 
tomentasa, 151, 240 
punctata, 240. 
Crawford county, clay production, 43. 
Cretaceous in Carroll county, 73. 
Muscatine county, 316. 
Crystal Ice Co. well, 506, 508. 
Cymbella gastroides, 356. 
Cyperus diandrus, 242, 244. 
Cystophyllum americanum, 278. 
Cystoptris fragilis, 241. 


Dallas county, clay production, 43. 
Coal production, 39. 
Dakota formation in Carroll county, 73. 
Davenport Brick & Paving Co., 499. 
Davis, G. H., 434. 
Davis county, clay production, 43. 
Coal production, 39. 
Deformation, Muscatine county, 362. 
Story county, 215. 
De Groote, Chas., 121. - 
Decatur county, clay production, 43. 
Stone production, 47. 
Dentaria laciniata, 243. 
Delaware county, clay production, 43. 
Des Moines formation, Carroll county, 
68. 
Des Moines formation, Humboldt coun- 
ty, 133. 
Des Moines formation, Muscatine coun- 
ty, 303. 
Des Moines formation, Scott county, 
463. 
Des Moines formation, Story county, 
190, 215. ' 
Derbya crassa, 309 
Des Moines county, clay production, 43. 
Stone production, 
47. 
Devils Lane, 310. 
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Devonian, Muscatine county, 268. 

5 Scott county, 440, 497. 

Diarrhena americana, 241. 

Diatoms in Muscatine county, 351. 

Dicenera cucullaria, 240 

Distribution of reports, 18. 

Dodd’s quarry, 4389. 

Drainage, Carroll county, 61. 
Humboldt county, 120, 163. 
Muscatine county, 262, Fi 
Scott county, 410. 

Story county, 163. 

Draiutile, 42, 500. 

Drift pebbles, Muscatine county, 335. 

Dubuque county, clay production, 43. . 

Lead production, 48. 
Stone production, 47. 
Zine production, 48. 
Work in, 11, 12. 

Dunker, E., 234. 

Dutcher’s quarry, 498. 

Dyer’s quarry, 439. 


Earth temperatures in Polk county,234. 
Muscatine coun- 
ty, 365. 
Story county, 
234. 
Eastman, Charles, work of, 23. 
Economic products, Carroll county, 97. 
Humboldt county, 
141. 
Muscatine county, 
367, 


Scott county, 494. 
; Story county, 216. 
Elephas primigenus, 211. 
Elevations, Muscatine county, 262. 
Story county, 163. 
Elwell, Elevation of, 163, 
Elymus robdsta 242. 
Encyonima cespitosum, 356. 
Hragrostes reptans, 242. 
Brigeron philadelphus, 241. 
stringosus, 241. 
Erichites hieracifolia, 243. 
Erosional reliefs, Scott county, 401. 
Eryngium yucceefolium, 242. 
EBumetria verneuliana, 132. 


Rairport elevation, 262. 
potteries, 372. 
Favosites emmonsi, 278, 282. 
Fayette breccia, Muscatine county, 314. 
Scott county, 444, 
County, clay production, 43. 
Fescue grass, 241. 
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Festuca group, 241. 
nutans, 241. 
Feustel pottery, 372. 
Finch’s quarry, 130, 182. 
Fistuliporella constricta, 269. 
Flora of Humboldt county, 147. 
Muscatine county, 380. 
Story county, 239 
Floyd county, clay production, 43. 
Fluvial plains of aggredation, 401. 
Forest Trees and Shrubs of Muscatine 
county, 380. : 
Forestry Notes for Humboldt county, 
147. 
Fossils, Muscatine county, 301. 
Franklin county, clay production, 43. 
Fragaria virginiana, 241. 
Frauen, John, well, 474. 
Fraxvimus americana, 157, 243. 
viridis, 240, 248 
Fremont county, clay production, 43. 
Fruitland, elevation, 262. 
Fuel, Humboldt county, 144. 
Fuller, J. W., brickyard, 374. 


Galena-Trenton, Story county, 180. 
Gamble’s quarry, 434. 
Gary Moraine, 58, 161, 163. 
Gatton’s quarry, 312, 369. 
General observations, Muscatine coun- 
ty, 332. 
Relations of strata, Muscatine 
county, 263. 
Section of Sweetland creek 
beds, 298. 
Muscatine county, 
296, 312. 
Gentiana alba, 242. 
andrewsit, 242. 
puberula, 242. 
Geographical distribution. Sweetland 
shales, 296. 
Geological formations, Carroll county, 


Humboldt county, 
123. 


Muscatine county, 
266 


Scott copnty, 423. 
Story county, 171. 
Sere Belle Plaine area, 
0 


Geology of Carroll county, 49. 
Humboldt county, 109. 
Muscatine county, 247, 
Scott county, 389. 
Story county, 155. 

George, Henry, well, 104. 

Geranium maculatum, 241. 

Gerarella purpurea, 245. 

Gibbons, E., 103 

Gilbert, elevation, 163. 

Gilmore’s quarry, 131, 1382, 133, 138. 


INDEX. 


Glacial deposits—see Pleistocene. 
Gledetschia triacanthos, 150. 
Glegg’s quarry, 438. 
Glenn, John, well, 104. 
Goettsch, Heinrich, 473. 
Gomphonema diachotomum, 356. 
subtile, 356. 
Gower stage, Scott county, 423. 
Glucose Mfg. Co., 506, 509, 572. 
Glyceria arundinacea, 242. 
Jlutans, 244. 
nervata, 242, 245, 
Gomel’s quarry, 498. 
Gravel and sand, Muscatine county, 371. 
Grasses of Iowa, 17. 
Greene county, clay production, 43. 
Stone production, 217. 
Grundy county, clay production, 43. 
Stone production, 47. 
Guilford, W. H , work of, 11 
Guthrie county, clay production, 43: 
Coal production, 39. 
Gutman, E., 509. 
Gymnocladus canadense, 150, 248. 


Habenaria | ucophea, 245. 
Hagermeister brickyard, 373. 
, and Keetting, 373 
oe James, cited, 114, 252, 367, 394, 
Hallock, W., 243. 
Hamilton county, clay production, 43. 
Hanna’s quarry, 438. 
Hannom’s mill, 165, 186, 197, 207. 
Hanson quarry, 330. 
Hantzschia amphioxys, 352. 
Hardin county, clay production, 43. 
Stone production, 47. 
Work in, 12. 
Harrison county, clay production, 43. 
Hays, C. W., cited, 303. 
Hecker, E. C., work of, 12. 
Helenium autumnalis, 243. 
Feliz fulva, 359. 
lineata, 360. 
pulchella, 359. 
striatella, 359. 
Helicina occulta, 360. 
Hemicarpha subsquariosa, 244. 
Hepatica aqutiloba, 240. 
Herbaceous plants, 240. 
Henry county, clay production, 43. 
Stone production, 47. 
Heuchera americana, 241. 
Hitchcock, A. S., 239, - 
Howard county, clay production, 43. 
Stone production, 47. 
Humboldt county, clay production, 43. 
Geology of, 109. 
Stone production, 47. 
Work in, 11. 
Huston, A. C., 527. 
Huxley, elevation, 163. 


INDEX. 


Hydrophytic plants, 243. 


Ida county, clay production, 43. 
Illinoian drift, Muscatine county, 340. 
Scott county, 399, 480. 
TIlysanthes gratioloides, 244. 
Impatiens fulva, 243. 
pallida, 243. 

Iowa county, clay production, 43. 
Iowa river system, 171. 
Iowan drift plain, Scott county, 395. 

Loess, Scott county, 484, 
Indian spring, 145. 
Inoceramus labiatus, 19@, 275. 
Island City Brick works, 499. 
Isopyrum biternatwm, 241, 248. 


Jackson county, clay production, 43. 
Stone production, 47. 
James & Son, mine, 494. 
Jameson mine, 494. 
Jasper county, clay production, 43. 
Coal production, 39. 
Jefferson county, clay production, 43. 
Coal production, 39. 
Stone producton, 47. 
Johnson, W. S., 192. 
Johnson county, clay production, 44. 
Stone production, 47. 
Jones county, clay production, 44. 
Stone production, 47. 
Jones, Mary, well, 483. 
Joints in Muscatine county, 363. 
Cedar Valley, limestone, 364. 
Des Moines sandstone, 364. 
Scott county, 428. 


Sweetland Creek shales, 364. 


Jordan sandstone, 181. 

Juglans cinerea, 152. 
nigra, 152. 

Jumbo artesian well, 524. 

Juncus tenuis, 245. 

Juniperus virginiana, 164. 


Kansas drift, Carroll county, 76. 
Humboldt county, 
137. 
Muscatine county, 339. 
Scott county, 475. 
Story county, 196. 
Kelly, elevation, 163. 
Tile works, 201, 224. 
Keltman, Hermanus, 136. 
Keokuk county, clay production, 44. 
- Coal production, 39. 
Stone production, 47. 
Keewatin glacier, 478. 
Keyes, C.R., cited, 253, 306, 394, 495,496. 
Kimball House, 506. 
Kincaid’s run, 334. 
Kinderhook, Humboldt county, 123. 
Kirk’s Siding, elevation, 262. 
Kossuth county, clay production, 44. 
46 G. Rep. 


118, 
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Kueble, H. & Son, lime works, 499. 
Kuntze, Otto, 366. 


Lake Calvin, 350. 
Lancaster, H. quarry, 434, 
Larson well, 197. 
Lathyrus palustris, 245. 
venosus, 245. 
Lead production in 1898, 48. 
Leaching tests, 87. 
Le Claire Brick & Tile Co., 500. 
Lee county, clay production, 44. 
Stone production, 47. 
Lee, Robt. E., 418. 
Le Grande quarry, 418. 
Lepachys pinnata, 242. 
Leverett, Frank, cited, 89, 237, 253, 335, 
341, 344, 394, 418, 478, 479, 481, 482. 
Liatris pycnostachya, 242. 
scariosa, 242. 
Lilium canadense, 245. 
philadelphicum, 245. 
Library of Survey, 22. 
Lime, Humboldt county, 143. 
Scott county, 499. 
Lindahl, Josh., 394. 
Lingula meli, 301. 
mytiloides, 193 
subspatulata, 301. 
Linn county, clay production, 44. 
Stone production, 47. 
Linnea humilis, 202, 360, 362. 
Lobelia cardinalis, 244. 
syphilitica, 244. 
Loess, Carroll county, 89. 
gullies, Scott county, 401. 
Scott county, 501. 
Story county, 200. 
Sands, 488. 
Kansas plain, 60. 
Lonicera glauca, 240. 
Long, F. H., brickyard, 103. 
Louisa county, clay production, 41. 
Stone production, 47. 
Loxomena yandella, 123. 
Lucas county, clay production, 44. 
Coal production, 39. 
Lythrum alatum, 244. 
Lyman & Co., brickyard, 220. 


Macbride, T. H., - cited, 92, 388. 
Geology of Humboldt 
county, 109. 
Work of, 11. 
Madison county, clay produetion, 44. 
Stone production, 47. 
Mahaska county, clay production, 44. 
Coal production, 39. 
Stone production, 47. 
Malt and Grain Co. well, 506. 
Mammoth remains, 210. 
Manning, 105. 
Marais D’Ogee channel, 421. 
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Marion county, clay production, 44. 
Coal production, 39. 
Stone production, 47. 
Marshall & Crow mine, 219. | 
Marshall county, clay production, 44. 
Stone production, 47. 
Work in, 12. 
Marston, A., 497. q 
Maximum flow of water at Belle Plaine, 


528 
Maxwell, Brick and Tile works, 194. 
Elevation, 163. 

McGee, W. J., cited, 6l, 160, 215, 253, 
317, 318, 345, 394, 395, 401, 426, 429, 
479. 

McHose, clay pit, 189, 220, 222 

S. H., cited, 220. 

McQuiston, Silas, coal, 218. 

Mead, D. W., 509. 

Megistocrinus latus, 22. 

Meek, F. B., cited, 394, 429. 

Meeves’ quarry, 430. 

Menispermum canadense, 240. 

Meier, Chas., well, 479. 

-Meridion constrictum, 356. 

Middle Devonian, Muscatine county, 
256. 

Mills, M. G , 266. 

County, clay production, 44. 

Mines — 

Anderson, T. E., 494. 
Clipper, 494. 
James & Son, 494. 
Jameston, 494. © 
MeQuiston, Silas, 218. 
Marshall & Crow, 219. 
Nettlebush, 307. 
Rerce Star Coal and Mining Co., 
217. 
Swenson Bros., 191. 
Williams, 494. 

Mineral production of Iowa in 1898, 31. | 

Mimulus ringens, 242, 244. 

Minerals, Muscatine county, 265. 

sera bottoms, Muscatine county, 

55. 


Mississippi series, Humboldt county, | 
123. 


Story county, 182. | 

Mitchell county, stone production, 47. 
Mitchell & Lynde, 513 
Mohr, James, quarry, 436. 
Mollugo verticillati, 242. 
Moline Paper Co., 518. 
Monarda fistulosa, 241. 
Monona county, clay production, 44. 
Monroe county, clay production, 44. 

Coal production, 39. 

Stone production, 47. 
Montpelier, elevation, 262. 

Brick works, 372. 
Moraines, Carroll county, 58. 
Story county, 160, 204. 


INDEX. 


Morus rubra, 152. 
Moscow, elevation, 262. 
Mosnat, H. R., Artesian Wells of the 
Belle Plaine Area, 521. 
Work of, 23. 
Mud creek, 413. 
Muscatine county, clay production, 44. 
Geology of, 247. 
Work in, 11. 
Elevation, 262. 
Terra Cotta Lum- 
ber Co., 373. 
Myers, P. C., 351, 352. 


Nasturtium officinalis, 244. 
Natural gas, Muscatine county, 377. 
Story county, 236. 

Navicula abaujensis, 357. 

amphibola, 356. 

bacilliformis, 357. 

borealis, 357. 

discephala, 356. 

elliptica, 356. 

gibba, 357. 

hilseana, 356. 

ividis, 357. 

major, 357. 

mutica, 356. 

nobles, 357. 

placentula, 356, 357. 

rupestris, 357. 

semen, 356. 

viridis, 357. 
Negundo aceroides, 150. 
Nelson, Paul, tile works, 
Nettlebush, Frank, 367. 

Mine, 307. 

Neunhius Bros., brickyard, 373. 
Nevada, elevation, 163. 

Well, 173. 


220. 


pare 


| New Richmond sandstone, 181. 


Niagara, 268, 314. 

Nichols, elevation, 262. 

Nitzschia palea, 357. 

Norton, W. H., cited, 105, 173, 174, 181, 
267, 375, 376, 394, 426, 429, 505, 526, 
527, 529. 

North Star Coal and Mining Co., 217. 


Oaks quarry, 371. 
Omphalotrochus springvalensis, 123. 
O’Neil & Kellenberg brickyard, 102. 
Onion creek section, 188 
Ontario, elevation, 163. 
Open prairie vegetation, 24. 
Orthis subcequata, 180. 
Orton, Edward, 237. 
Oryzopsis, melanocarpa, 241. 
Ostrya group, 240. 

virginica, 152, 240. 
Otis limestone, 440. 
Otter & Pohlman Brick Co., 502. 
Owl lake, 120. 


INDEX. 


Owen, D. D., cited, 252, 394. 
Oxalis corniculata, 241. 
violacea, 241. 
Ozmorrhiza brevistylis, 241. 
longistylis, 241. 


Page county, clay production, 44. 
Coal production, 39. 
Paha in Scott county, 395, 397. 
Pammel, L. H., cited, 388. 
eed of Story county, 


Work of, 17. 

Panicum scribnerianum, 241. 

Parker, E. W.., 17. 

Paving brick production, 42. 

Post-Wisconsin deposits, 212. 

Pedicularis canadensis, 245. 

lanceolata, 245. 

Penthorum sedoides, 244. 

Phalaris arundinacea, 244. 

Phileum pratense, 242. 

Phlox divaricata, 241, 243. 

pilosa, 241, 245. 

Phragmite communis, 244. 

Phryma leptostachya, 241. 

Physiography, Carroll county, 54. 

Humboldt county, 115 
Muscatine county, 254. 
Scott county, 394. 
Story county, 160. 
Pine creek conglomerate, 316. 
Pimpinella group, 245. 
integerrima, 245. 
Pineo, C. W. quarry, 435. 
Pinnularia commutata, 356. 
streptoraphe, 356. 

Pisidum abditum, 362. 

Placenticeras placenta 190. 

Platanus occidentalis, 244. 

Pleistocene, Carroll county, 75. 

Humboldt county, 136. 
Muscatine county, 328. 
Scott county, 471. 
Story county, 195. 

Pleurostauron autum, 357. 

Phyctodus calceolus, 289. 

Poa pratensis, 241, 242, 245. 

Pocahontas county, clay production, 44. 

Podophyllum peltatum, 24. 

Pohlman, H. P. & Bros., brickyard, 12. 

Polk county, clay production, 44. 

Coal production, 39. 
Work in, 12. 
Polygonum amphibum, 244. 
hartwrightii, 244. 

Polygyra multilineata, 202, 362. 

Pontederia cordata, 244. 

Populus delantata, 154. 
grandidentata, 153. 
montlifera, 154, 243. 
tremuloides, 1538. 

Port Allen, elevation, 262. 
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Potable water, Story county, 229. 

Potamogeton nataus, 214. 

Potatopsis lapidana, 362. 

Pottawattamie county, clay production, 
44, 

Poweshiek county, clay production, 44. 

Pratt, W. H., cited, 394, 482. 

Preglacial erosion, Muscatine county, 
320. 


Preglacial erosion, Scott county, 492. 
Pre-Kansan tile, 257, 337. 
Productus costatus, 68, 72. 
marginocinctus, 184. 
muricatus, 309. 
Prouty, J F., 147 
Prunus americana, 150, 240. 
serotina, 157. 
virginiana 150. 
Ptyctodus calceolus, 302. 
Pupa blandi, 3€0. 
corticaria, 360. 
muscorum, 202, 306. 
simplex, 360. 
Pyramidula striatella, 202. 
stringosa, 331. 


Pyrus coronaria, 151, 240, 243. 


Quarries— 
Anamosa, 496. 
Andre Bouland, 498. 
Anken, 430. 
Atteneder, 311. 
Bull, 130, 141. 
Becker, 430, 433. 
Carpenter, 280. 
.Cowles, 437. 
Dodd, 439. 
Dutcher, L. E., 498. 
Dyer. 489. 
Finch, 180. 
Gambel, 434. 
Gatton, 312, 369. 
Gilmore, 139, 131. 
Glegg, 488. 
Gomel, Louis, 498. 
Hanna, H., 438. 
Hanson, 330. 
Kueble & Son, 499. 
Lancaster, H., 434. 
Le Grande, 438. 
Meeves, 4380. 
Mohr, 436. 
Nanson, 496. 
Oak, 371. 
Pinne, C. W., 435. 
Rasch, 438. 
Keim, 440, 475 
Rich, 436. 
Schmidt, H., 424, 480, 498, 499. 
Snyder, D., 437. 
Stark, 370. 
Stearns, 142. 
Steffen, 431. 
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Quarries—continued— 
Theilman, F. H., 434, 486, 498. 
Walker, A. C., 498. 
Welch, 129, 141. 
Velie, 496. 
— & Nanson, 4382. 
Wresley, 369 
Quartz nodules in Fayette brecia, 314. 
Quercus alba, 153, 240. 
coccined, 1538. 
macrocarpa, 153, 244. 
rubra, 158, 240, 244. 


Rainfall in Iowa, 86. 
Rafenesquina alternata, 180. 
Ranunculus abortivus, 243. 
aquatilis, 244. 
cymbalaria, 244. 
multifidus, 244. 
pennsylvanica, 242. 
septembrionalis, 243. 
Rasch’s quarry, 438. 
Rea cherts, 318. 
loams, 486. 
Reim’s quarry, 475. 
Remains of mammoth, 210. 
Report of state geologist, 11. 
Rheims, W M., 473. 
quarry, 440. 
Rhus glabra, 150. 
Rich’s quarry, 26. 
Riggs, R. B., 230. 
Ringgold county, clay production, 44. 
Road material, 228, 503. 
Robinia pseudacacia, 150. 
Robinson creek section, 275. 
G. W., 289. 
Rock Island rapids, 418: 
Rosa blanda. 


Sac county, clay production, 44. 
Salisbury, R, D., 317 
Sage, J. R., 236. 
Saint Croix sandstone, 181. 
Louis limestone, 127, 182. 
Peter sandstone, 181 
Salix amygdalvides, 420. 
humuilis, 242. 
longifolia, 244. 
nigra, 1538, 240. 
Sambucus canadensis, 151, 240, 248. 
Samuels, Chas., brickyard, 374. 
Sand, Humboldt county, 148. 
Sangamon, Muscatine county, 349. 
Scott county, 482. 
Sanguinaria canadensis, 241. 
Savage, T. E., 134. 
Schmidt, H., 499. 
H. G., 498. 
building, 506. 
quarry, 424, 430. 
Scott county, clay procuction, 44. 
Geology of, 389. 
Stone production, 47. 


INDEX. 


Scropularia nodosa, 243. 

Sewer pipe production, 42. 

Shelby county, clay production, 44. 

Shellhorn pottery, 372. 

Shimek, B., cited, 202, 331, 362. 

Shope, brickyard, 224. 

Silphium laciniatum, 242. 

Silurian, Muscatine county, 268. 

Scott county, 423. 

Sioux county, clay production, 44. 

Sporobolus heterolepsis, 242. 

Skunk river anticlinal, 215. 

System, 164. 

Slater, elevation, 163. 

Snyder’s ledges, 437. 

Soils, Carroll county, 106. 
Humboldt county, 140. 
Muscatine county, 378. 
Scott county, 503. 

Story county, 226. 
Work on, 14. 

Solenocaris stringata, 302. 

Solidago canadensis, 243. 
missouriensis, 242, 245. 
riddellit, 245. 
rigida, 242, 245. 
speciosa, 242. 
ulmifolia, 241. 

Soper’s mill, 165. 

Spartina cynosuroides, 242. 

Spathiocaris emersoni, 302. 

Sphyradium edentulum alticola, 202. 

Spiranthes cernua, 242, 

Spirifer aspera, 282. 
cameratus, 309. 
keokuk, 184. 
increbescens, 132. 
parryanus, 277, 278, 284: 
pennatus, 269. 

Sporobolus heterolepis, 241. 

Stalker, M, 211. 

Stark quarry, 370. 

Stauroneis jaranica, 356. 

phoeniceuteron, 356, 

Stearn’s quarry, 142. 

Steffen’s quarry, 432. 

Steironema longifolium, 244. 

Stitch Bros. brickyard, 143. 

Stockton, elevation, 262. 

Stone production in 1898, 46. 

Story City, elevation, 163. 

Story county, clay production, 44. 

Coal production, 39. 
Geology of, 155. 
Stone production, 47. 
Work in, 12. 
Straparrolus cyclostomus, 284, 285. 
macromphalus, 123. 
Stratigraphy, Carroll county, 67. 
Humboldt county, 122. 
Muscatine county, 263. 
Scott county, 422. 
Story county, 171. 
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Statistics, collection of, 16. Underlying formations, Muscatine 
Mineral production, 31. county, 266. 


Stropheodonta perplana, 284. 
Succinea avara, 202. 
lineata, 202, 331. 
obliqua, 360, 362. 
Summit, Story county, elevation, 163. 
: ead county, elevation, 
Well, 193. 
Surface bowlders in Story county, 203. 
Waters, 103. 
Suriraya ovalis, 357. 
Swallow, G. C., cited, 89. 
ee & Ce., brick and tile works, 
Sweetland creek shales, 289, 315. 
Synoptical table of formations, Hum- 
boldt county, 122. 


Tabellaria feuestrata, 357. 
poe of elevations, Humboldt county, 
Table of elevations, Muscatine county, 


Table of formations, Carroll county, 68. 
Tama county, clay production, 44. 
Stone production, 47. 
Taylor, J. E., 236, 
Taylor county, clay production, 44. 
Coal production, 39. 
Taxonomic relations, Scott county, 422. 
Temperature observations, 234. 
Templeton, D H., 210. 
Tentaculites hoyti, 282. 
Terebratula turgida, 184. 
Terrace, Muscatine county, 361. 
Scott county, 418. 
Story county, 205. 
Tests of paving brick, 500. 
Thalictrwm dioicum, 241. 
purpurascens, 242, 245, 
Thelypodium pinnatifidom, 243. 
Tiffany, A.S., cited, 394, 505, 510. 
Tilden well, 198. 
Tile production, 42. 
Tilia americana, 150, 240. 
Topography, Carroll county, 54. 
Humboldt county, 115. 
Muscatine county, 254. 
Scott county, 394. 
Story county, 160. 
Townsend, C. D., cited, 419, 514. 
Tri-City Packing Co., well, 506. 
Typical exposures, Muscatine county, 
289. 


Typical section, Le Claire limestone, 
430. 
Ulmus americana, 152, 240, 243, 244. 


fulva, 152, 240. 
Unconformity with the Devonian, 313. 


Underground temperatures, Muscatine 
county, 365. 
Underground 
county, 234. 
Union county, clay production, 44. 
Upham, Warren, cited, 59, 91, 160. 
Upper carboniferous (see Des Moines 
formations). 
U. S. Fish commission, 235. 
Geological survey, 17. 


temperatures, Story 


Vallonia costata, 202. 
Van Buren county, clay production, 44. 
Coal production, 39. 
Stone production, 
47. 
Velie & Nanson quarry, 432. 
Verbena urticaefolia, 243. 
Verbesina helianthoides, 241. 
Vernonia fasciculata, 2438. 
Vernonica anagallis, 242. 
Vertigo ovata, 202. 
Viburnum lentago, 151. 
pubescens, 240. 
prunifoltum, 151. 
Vicia americana, 241. 
Viola cucullata, 241. 
palmata, 241. 
petatifida, 241. 
pubescens, 240, 241, 243. 
Vitis riparia, 240, 243. 


Walker, A. C., quarry, 498. 
Wapellocounty, clay production, 44. 
Coal production, 39. 
Stone production, 47. 
Wapsipinicon river, 411. 
Series, 440. 
Warren, G. K., 418. 
Warren county, clay production, 44. 
Coal production, 39. 
Washington county, clay production, 44. 
Eione production, 


Watkins’ well, 237, 239, 244. 
Water power, 146, 377. 
Supply, Carroll county, 103. 
Humboldt county, 145. 
Muscatine county, 374. 
Scott county, 504. 
Story county, 229. 
Wayne county, clay production, 44. 
Coal production, 39. 
Webber, T. C., 147. 
Webster county, clay production, 44. 
Coal production, 39. 
Stone production, 47. 
Weems, J. B., 232, 508. 
Work of, 14. 
Welche’s quarry, 114, 129, 141. 
Weller, S., cited, 132, 147, 
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Well records in Muscatine county, 321. 


Wells— 
Ames, 239. 
Belle Plaine, 521. 
College, 239. 
Campbell, Thos., 104. 
City Park, 506. 
Crystal Ice Co., 506, 508. 
Gas City, 506. 
Gas Co., 506. 
George, Henry, 104. 
Glenn, John, 104. 
Glucose Mfg. Co., 506, 509. 
James & Son, 480. 
Jones, Mrs Mary, 483. 
Kimball House, 506. 
Malt and Grain Co., 506. 
Meier, Chas., 244, 479. 


Mitchell & Lynde’s building,513. 


Moline Paper Co., 5138. 
Muscatine county, 321. 
Robertson & Martin, 104. 
Schmidt building, 506. 
Scott county, 515. 
Tri-City Packing Co., 506. 
Watkins, 239. 
Witts Bottling Works, 506, 507. 
Woolen Mills, 506. 
WestLiberty, elevation, 262. 
White, C. A., cited, 114, 123, 160, 182, 
252, 426. 
White, W. O., 237. 


INDEX. 


Whitney, J. D., 394. 
Wilder, Frank, 69. 
Williams mine, 494. 
Wilton, elevation, 262. 
Well, 266. 
Winnebago county, clay production, 44. 
Winneshiek county, clay production, 44. 
Stone production, 
47. 
Wisconsin drift, Carroll county, 57, 92. 
Humboldt county, 115, 
138. 
Story county, 203. 
Witts Bottling Works, 506, 507. 
Witter, F. M., cited, 349, 359, 360. 
Woodbury county, clay production, 44. 
Worthen, A. H., cited, 125, 130, 394, 
426, 429. 
Wresley’s quarry, 369. 
Wright county, clay production, 44. 
Wyoming Hill section, 308. 


Xanthoxylum americanum, 150. 
Xanthum canadense, 242, 243. 


Yarmouth, in Muscatine county, 339. 
Scott county, 478. 


Zinc production in 1898, 48. 

Zizia aurea, 245. 

Zonitoides minusculus, 362. 
shimekti, 202. 
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